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ROOHESTER. 


sem 


9037 


Y arrow & Co., Ltd., 
enor aa” ENGINEERS, 
SPEEDS UP Toa MILs AN HOUR. 


PADDLE OR SORBW STBAMERS OF 
EXCEPTIONAL SHattow DRavuGET 


les Limited, 


on INBERS, oe MANCHESTER. 
FRED WATER HEATERS 


CALORIFIERS, EVAPORATORS, } ,ROW' 


CONDENSERS, AIR HEATERS, 
Merrill's Patent TWIN STRAUNERS for Pump 


Repairs on Pacific Coast Bust 
ayn SER, LIMITED, Victoria, British pig et = TRAPS PS. REDUCING VALVES 
Road Rollers & | ractors.|_ Columbia. 8708 class GUNMBTAL STAM FITTINGS, 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. ATER SOFTENING and FILTERING, 5723 











A. G. M2XKord, L 4 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY aND Wak OrFice Lists. 
BNGINES for Torpedo Boats, Yachts, Launches, 
BOILER FBED PUMPS. 
See Advertisement, pages 31 and 90, last week. 
PATENT WATER-TUBB BOILERS, 
AUTOMATIC FEED REGULATORS. 
Auzil Machin: as supplied to the 
gimmie arian at 


JohnH, W itson & Co.,Ltd. 


Birkenhead. 








See Illustrated Advertisement 
Page 134, Dec. 3. 


Locomotive Shunting Cranes| 


Steam and Electric 


ranes, 
BXCAVATORS, CRANE-NAVVIKS, GRABS, 
CONCKRETE-MIXERS, 
SHIPS WINDLASSES, WINCHES, and 
DECK MACHINERY. 











8560 


Lists STaNDARD Sizes oN APPLICATION. 


OF 





London Office: 
15, VICTORIA STREET, S.W. 1. 


(traig & Donald Ltd., Machine 


TOOL MAKERS, Jouweromr, near Glasgow. 
For class of Machine Tools see our Illustrated 
Advertisement every alternate week. 1358 


CHANTIERS & ATELIERS 
A ugustin N ormand 
A. 


67, rue de Perrey—LE HARVE 
(France). 


3890 
Destroyers, Serpete Boata, ¥ Yachts and Fast Boats, 
Submarine and Submersible Boats. 
NORMANN’S Patent Water-tube Boilers, Coal or Oil 
Heating. Diesel Oil Engines, 


HK lectric Lifts 


(UP TO 35 TONS.) 
8. H. HEYWOOD 4 H 00., LTD., 














9026 





team aie (with or 
without guides). Hand-worked or sel: 
TOOLS for SHIPBUILDERS & BOILERMAK 


DAVIS & PRIMROSE, A, 
Brett's Patent | jitter Oe 
Luuirep. 


Hammers, Presses, Furnaces, 











also ‘WINDING, Hal 
range AeBiaande Sere 
otherwell, near 


(Sampbells & Hee: L}@- 


SPECIALISTS IN 


Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 454 





b Gos Launches or Barges 


—_ complete with Steam, Oil er Ren 
Machinery supplied. Od 3551 
YOSPER & CO., Lrp., BROAD STREET, PoRTSMOUTH. 


MULTITUBULAK AND 
((ochran CROSS-TUBE TYPRS. 


Boers. 
See page 17, Dec. 17. 8205 


HB lectric GEN se: 


S. H. HEYWOOD & OO., LTD., 
__REDDISH. 








FOR ~ oe ee 


Drep Forgings 


oT wal ENGINBERING & FORGE CO., 





ellington Street, Glasgow. 8819 
R u “ % er MANUFACTURERS 
Belting 





GUITA PERCHA & RUBBER, LIMITED 

Toronto . Canada. 8510 
Trank Scakmotiy ve 
Specification and Workmanship equal to 


Main Line Locomotives. 
R. & W. HAWTHORN, LESLIE & OO., Lrp., 
ENGINEERS, NEWwcasTLe-on-TrwE. c 8203 


yxcavators. 


FROM 50 TO 600 YARDS PER HOUR. 


D ‘Whitaker, 


1, Union SrReEEt, 





7985 





LEICESTER. 
° Gpencer- Ff opwood” F Patent 
Sole Makers : Boilers. “* Dee 11 ” 


SPENCER - BONECOURT, Lrp., 8421 
Parliament Mansions, Victoria St., London, 8.W. 


The (‘ambridge and pal 


[»strament Co. | Poe 


Manufacturers of py 
Instr pty bon 








45, anosvENon F PLACE, LONDON, 5.W. 1. 
Works : and Cambridge. 8194 


GOLD MEDAL-Ixvawtions Bxxisirion-AWARDED. 


uckham’s Patent tt Suspended 
WEIGHING MACHINES. FERRY 

ROAD ee, WORKS COMPANY, Lrv. 
Lonpon, E Tie ulic Cranes, Grain Blevators, &e. 
See Illus, Advt. a week, page 15. 8902 





and Electrical 


itti 
STR 


Lord's 


td., 
ALD 8T L 


41, OSW. GLASGOW. 
eee i 3 STREET ch a BIRMINGHAM ; 


d LONDON 

INCHESTER oon, Cup Oxp Broap Srazet, H.C. 
LONDON WARRHOUS 167,Upx.THaMEs ST.,B.C. 
LIVERPOOL WAREHOUSE—63, Pa 


Parapwse Sr. 
MANCHEST! an WAREHOUSE—&, Deanseare, 
CARDIFF WAREHOUSE—132, Bute St. 
BIRMINGHAM WAREHOUSKS_ Nur STREET, 
HEEPSOOTE STREET. 


See Acivertisement page 28. 
astings 


le iinished | 
ensure and = reduce 


ime cost by bard et a machining opera: ions. 
rite for illustrations to SPARKLETS AND GeneRaL 
Mre. Co., Ltd., Edmonton, -18. —- 7895 


~ FERXIBLE, NUN-RUSTING 


») Me allic Him: - _Coverin Zg 
to my & ey for 

all pressures & purposes, ry lied for H.M. Govt 

Spark.ets & GENER«L Mre@.Co.,Ld.,Bimonton, Ns. 


ocomotive raversers 
(BLBOTRIC).. ks 


8. Hl. BErwgoo co., LTD., 


Fo Sale. 


[tubes and 


IRON AND 


Stewarts and 


8187 














850 ~K Fraser & Ohalmers-Siemens ” 
TunbO. ALTERNATORS, complete with Oon- 
densing Plant, Motor<iriven Pumps, etc., etc. All 
ave eae in 1916, Alternators can be arranged for 500-550 

En 50 cycles. 
"THR PHB PRGEN TE LEOTRICAL Co., Lrp., == 
Broomielaw, G@! 


is, —— Railway 


ineerin y Company, 
Stow th, GLAS Lrp., 
Victoria Street, 5.W. 





persis ANUFAOCTURERS 0: 
RAILWAY CARRIAGE, WAGON. & TRAMWAY 
WHEELS & AXLES. 


bi . 
CARRIAGE & WAGON IRONWORK, also 
CAST- — AXLE BOXES. 


St. 8 pyarePeeematic ASh Ejector. 
by we = of labour, No noise. ® dust. No 
20 ft. ae of scree. —Apply, 
F. es. TREWENT & PROCTO «+ Naval Archi- 
tects and Surveyors, 43, Biiliter Bldgs. -, Billiter 8t., 
London, B.C. Od 4835 


Diese! Engines, Six Cylinder, 


two and four stroke, 850, 1000, 1200 HP, 








arrow Patent 
Witer-Tube Boilers. 


Mrsszs. YARROW & CO 
PRESSING and MACHINING of the various 
of Yarrow Pac meal such as the Steam Pru 


Pockets, and 
ie a 
__ YARROW 


oun 


MILLWALL, LONDON, 8. 
ENERAL CONSTRUCTIONAL ENGLYEERS. 


Boilers, Tanks & Mooring Buoys 


Srmis, Perro. ae 


o 


HIMNEYs, Rrv 
Prrss, Hoppers, Spxciuat Work, 
ALL KINDS. 


UNDERTAKE tne 


Bay grim en for 


British and Foreign 
A necessary facili! tes. 


Gor" xp. 800 a agg 
ellamy [ jmited, 
1216 


Arr RECEIVERS, 
EAM and hs 3 





RAILWAY AND TRAMWAY ROLLING STOCK. 


H= 


Tue Giaseow Rotime Spock snp set 


Nelson & Co. 4 


NoruFRweur, 





He: 


See Advertisement page 80, Dec. 17. 


Wrightson & Co: : 


LIMITED, 





[Taylor & (Shallen 


TAYLOR&OCHALLEN,Lp., Engineers, BIRMINGHAM, 
See Full Page Advertisement page 76, Dec. 10. 
KERIAL ROPRWAYS, CABLEWAYS, ORANES. 


See 0 Gomegee advertisement ev: 





Presses 


8196 


teel stings. 
fourth wom 


HENDERSON & , Aberdeen. 





Neweastle Shipbuilding Co., 


LIMITED, ee hig 
Folewas row! a 


t, +. Dams 
es: cMebbare 83, 85, 86. 
BUILDE! SOF PASSENGE ARGO AND 
L TANK STBAMBRS. 


eA, we build under the 


Comet Shi 
10 BUILDI BERTHS 7 P sto 550 feet. 





mp Ate SYSTEM. 


RIVER FRONTAGE, 1500 feet. 





an | Hy tee 


8. H. HEYWOOD & O©O., LTD., 
REDDIS 


tric ['ransporters. 





9026 





Jj ohn 


Works 


Excellent condition. Dynamos for above 250 or 500 Evaporating pad — Plants. 
Volts, D.C. Immediate Neliver and low co. Ref Ice Ma Machinery. 
Also 2-600 ae, PARSONS T a pad 8 —_ a Sean. 
500 Volts. with Condenser and spare cao " 
RLECTRICALLY DRIVEN AIR  OOM- Freah Water Distillers. 
PRESSORS, 250 Volts, D.C, Pressures 1500 to Main Feed panes. 
3000 Ibs. per square inch. Combined Circulating and Air Pumps, 
NINGS, Auxiliary — — 
West Walls, Newcastle-on-T'yne. 8888 







ON ADMIRALSY LIST. 


Kirkaldy, Ltd., 


Londen Office: 101, LkapewHaLt 8r., 8.0.3, 
' meee ~~~ ad HaRgLow, Resxx. 





or Sale.— 
MOTOR-DRIVEN 
PLANING MACHINE 
To plane 30 ft. by 20 ft. by 10 ft., four Tool Boxes. 
Condition as new. Makers, Buckton & Co, 
Price and particulars from— 
MORAY. Bore & CO., Lrp., 


awisbank Quay, 8749 
gow. 





ailwa Wag on Couplin 
R and 7 A, gon wok a 
WELDURSS CHAINS, Urn., Coathriage | —G 
Iron and Steel 


Tiubes and Pitts 


ie 
Sole Li es in Great Bri'ain for the manu re 








Rever, Dorling & & Co., Ltd., 
PLING. Ata GO PERN 

‘ 

C HYDRAULIC and HAND, 

Mgt tay 


HIG H-OLASS 
ING ENGINES. 
of all ee sizes. 
cnones Bait iL & co., take 
Glasgow 
Sting Bparae e Lore si 
— 


of **Armco” Rust 2: a Resisting = 


The Scottish "Tube Co., Ltd., 


Heap OFrice: 34, Robertson Street, agp at 
See Advertisement page 96 





K. Z; neti M.1Mech-E., 
ric tratford. Rag et ee Tel. 


Matthew pal & (o- Tia 


LEevewror 


See Full Page Advt., page 84, Dec. 10. 





> Worxs. Dumbarton, sess 





A luminium 


THE BRITISH 
109, Queen Vietoria St., London, KE. G. 4, 











8291 


ALUMINIUM 0OO., Lt»., 





rm Road, Stra: 
P. & W.. MacLellan, Limited, | 
CLUTHA WORKS, eer: 
er, “CAMHIAGHS 4 AND WAGONS 
EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &o. 


Chief Offices: 129, Trongate, Giaseow. Od 8647 
Registered Offices: Clutba House, 10, Prinses 
Westmineter, leaden, 3” 








Page’ 116, 

Deo. ii. F ower ammers 
S ax? Friction 
10p 


B. « 


Gteam Hammers 











S. “ Masoey, Lad. 
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JTihe Manchester Steam Users’ 


ASSOCIATION. 

For the prevention of Steam Boiler Explosions and 
for the attainment of Keonomy in the Application 
of Steam. 9, Mount STREST, MANCHESTER. 

Chief Engineer: O. E. STROMEYSR, M.1.0.E. 

Founded 1854 by Str WILLIAM Fathpalry. 

Certiticates of Safety issued under the Factory and 
Workehops Act, 1901. Compensation for Damages 
and Liabilities paid in case of Explosions. Engines 
and Boilers inspected during construction. 8443 


nst.C.E. Exams.—Successes 

as usual last Exam. by Correspondence Coach- 

ing. Successes by hundreds, several prizes. Sec. 

“©” embraces 25 years’ professional experience. 
Address, 7434, Offices of ENGINEERING. 


orrespondence Courses for 
B.Se., Inst. C.H., I. Mech. E., all BNGI- 
NEERING EXAMS. Special Courses and Single 
Subjects. Personal tuition.—For full ticulars 
apply to Mra. TREVOR W. PHILLIPS, B o{Soms.), 
Assoc. M.Inst.C.E.; M.K.S.I., etc., 8-10, Trafford 
Chambers, 6%, South Jobn Street, Liverpool. 8423 


[2*- C.E., I. Mech. E., B.Sc., 


and all Engineering Bxaminations.—Mr. G. P. 
KNOWLHS, B.Se., M.B.E., A.M.Inst.0.8., F.S.1., 
M.R.San.I., PREPARES CANDIDATHS personally 
or by correspondence. Hundreds of successes. 
Courses may commence at any time.—39, Victoria 
St., Westminster,S.W. Tel. 4780 Victoria. 8970 


P enningtons, University 

TUTORS, 254, Oxford Road, Manchester. 
Estab. 1876. Postal Courses for all Engineering 
Exams. Enrol now for I.C.B. and 1.M,B. Courses. 
96 per cent. passes last Exams. 8¥01 


(orrespondence Tuition by 
the * U.K.C.” Individualised System will carry 
you through your Exam. with minimum expense 
and energy. Success Guaranteed. ~ Established 
1906, Hundreds of Successes at :—Stud.Inst.C.¥., 
Assoc.M.Inst.0.B., A.M.I.Mech.B., A.M.1.E.E., 
Matriculation, Inter. and Final B.Sc. (Engineering), 
City and Guilds, Government Departmental 

Exsams, ete, Specialised Professional Training. 
APPROVED BY MINISTRY OF LABOUR. 
Send for FREE “U.EC.”” Prospectus No. 8, 

mentioning requirements to :—Desk “8,” 

UNIVERSITY ENGINEERING COLLEGE, 
Westgate-on-Sea, Kent. K 851 

PaTests anp DEsiens Acts, 1907 anv 1919, 




















otice is Hereby Given that 
Hewry Crarke of 4, Millway, Mill Hill, 
London, N.W. Seeks Leave to amend the Specifi- 
cation of Letters Patent No. 133457, granted to him 
for ‘‘ Improvements in Hxtincteurs,” 

Particulars of the proposed amendment were set 
forth in the Illustrated Official Journal (Patents), 
issued on the 8th December, 1920. 

Any person or persons, may give notice of 
Opposition to the Amendment by leaving Patents 
Form No. 19 at the Patents Office, 25, Southampton 
Buildings, London, W.C. 2, within one calendar 
month from the date of the said Journal. 

W. TEMPLE FRANKS, 


Comptroller-General. L 264 








TENDERS. 


JHARIA WATER SUPPLY SCHEME. 
TENDERS FOR PIPES, &c. 


[Tenders are Invited for the 


SUPPLY and DELIVERY of CAST IKON 
PIPES, up to 21 inches internal diameter, together 
with SLUICE STOP VALVES, &c. The total 
weight of pipes will be about 14,000 tons. Sealed 
Tenders accompanied by a deposit of £30 Sterling 
will be received at the office of Messrs. SIR ALEX. 
BINNIE, SON & DEACON, 30, Buckingham Gate, 
Victoria Street, Westminster, S.W.1, up to mid-day 
on the 3ist Janvary, 121. 

Two coples of the Form of Tender, Contract 
Agreement, Specification, and Bills of Quantities 
-~ be obtained by sending in an application, with 
a deposit of 26 Sterling, to Messrs. SIR ALEX 
BINNIE, SON & DBAOCON, and such deposit will 
be refunded when a bona fide Tender, accompanied 
by the Specification, &c., has been received by the 
Chairman of the Jharia Water Board. The Board 
does not bind itself to accept the lowest or any 


Tender, 
EB. 8. HOBRNLE, 
Chairman of the Jharia Water Board, 
Dhanbad, B.1.R. (India). L 225 


APPOINTMENTS OPEN. 


ORDNANCE COLLEGR, WOOLWICH 
(Mechanical Engineering Branch). 


A Pplications are Invited for 
‘ the POST of DEMONSTRATOR. Salary 
2250 per annum, rising by £20 to £350.—Applica- 
tions, stating age, qualifications, etc., should be 
made, in writing. to: THE COMMANDANT, 
Ordnance College, Red Barracke, Woolw ich, L234 
rass Moulder Required to 
start and work small castings foundry in 
connection with engineering firm in Fifeshire. 
Intelligent man required who understan-is general 
work and has ambition. State Wages and Kxpe- 
rience.—BOX 664, Ropertson & Scorr, Advertisin. 
Agents, Edinburgh. L 


WV anted, Works Manager 


with knowledge of small car production 
and general engineering. Salary £300 to £350 to 
commence.—Address, L264, Offices of ENGINEERING, 


ecretary Wanted for Engi- 
neert m. Must have good knowledge 

of accountancy, statistics, costs and timekeeping 
systems, experience and tact in handling Staff an 
eseential,—. ply Fr. H, LEE & BRAVES, 
Accountants, 5, Bank Street, Bradford, L 267 


Required, Stores Super- 
TENDENT for Oilfields in British West 
{ndies. Man with oilfield experience erred, but 
ao, Sater with experience in handling stores of 
bee tractors. Healthy climate, free quarters 
peter cct marae war an 
a to 631, o/ 

Junps, 91 Gresham Street, B.C, 23 




















dl Y 

Producer Gas Plant in Bham 

-District.—GOOD MAN REQUIRED as 
Engirieer’s Assistant, to take charge of above, Must 
be well up in Sulphate Recovery and good disciplin- 
arian. Permanncy forsuitable man. State experi- 
ence, age and wages required.—Address, L 181, 
Offices of ENGINEERING. 


ssistant Metallurgical 
CHEMIST REQUIRED for Laboratory of 
HARLAND & WOLFP, Ltd., Shipbuilders and 
Engineers, Belfast. State age, experience and 
salary. L 256 


Fstimator Wanted for Large 


Ship Repairing and Engineering firm in 
Liverpool district—man accustomed to making up 
estimates in connection .with damages to large 
vessels. j 

Address, givin 
required, L 297, 


Voung Engineer Required 
for purchasing department, Coke Oven 
Builders’ Office. State age, experience and salary. 
—Write, THE COPPEE CO., 44, Grosvenor Place, 
London. L 291 


ra pplications are Invited 


for APPOINTMENT of an OPTICAL 
BENGINBER as Assistant Manager, 
Mathematical Instrument Office, Survey of India, 
Calcutta. Applicants should be between the ages of 
24 and 35, must have optical experience in a modern 
scientific Instrument-makers. factory, must 
thoroughly understand manufacture of Surveying 
instruments and must be conversant with Machine 
shop practice and production. Engagement three 
to five years subject to renewal, Salary not less 
than 800 rupees per mensem, or more according to 
qualifications and experience.—Apply. REVENUE 
SECRETARY, India Office, London 8.W. 1. L 290 
anted, for Bombay, 
Thoroughly Competent and Experienced 
ENGINEER to represent old-establishea Knylish 
Firm in conjunction with existing Agents. Special 
qualifications—practical knowledge of steam 
engines and mill-gearing for textile machinery. 
Three years’ agreement with first class passage out 
and home,-—Address, stating age, and salary 
required, with full particulars of experience, L 243, 
Offices of ENGINEERING. 


Biectr cal KEngineer.— 
WANTED, by a Firm of Blectrical Engi- 
neers in India, a fully qualified ENGINERR, able 
to take sole charge of erecting complete installations 
up to 200 -w. Age 24-30, single. Salary 
commenbing Ks. 600 per month, five years’ agree- 
ment.—Write, stating age, experience, &c., and 
send copies of references, to Z.Z. 954, care of 
Deacon s, Leadenhall St., London, B.C. L 199 


: ; r 
Production Engineers.—There 

are vacancies in a large Engineering concern 
in the North for two first class men who have the 
ability to organise work —— the Shops according 
to programme to meet deliveries. ngineering 
training essential. Age 30to 40. The positions are 
sufficient toattract men of merit who possess 
personality and initiative. Full particulars 
including age and salary required.—Address, L 237, 
Offices of ENGrVEERING, 


” 7 Ad 

anted, Sales Engineer, 
aged about 35, with war record, who also 
has wide selling experience and engineering 
practice among British engineering firms, foreign 
railroads and industrials and should have some 
Se pat in foreign countries; must be resource- 
ful and have business and executive ability, 
together with a good personal appearance, Salary 
at least £1000 per year, with interest in protits, 
Reply, giving full record and recommendations,— 

Address, L 311, Offices of KNGINEERING. 


anted, for Burma and 
India, ENGINEER of good address and 
general education, Scottish; age not less than 28, 
unmarried, mechanical apprenticeship, University 
Graduate or A.M.Inst.0.K. ; experience to include 
workshop practice, costing and management, 
building construction’ and design. Four years’ 
engagement. Salary commencing at Rs, 900 per 
month, free furnished accommodation and _ free 
passage out and home.—Apply, CONSTRUCTIONAL, 
Suaw & Buakk, Ltd,, Advertising Agents, 37, Surrey 
Street, Strand, W.C. 2. L 260 
ater Works Engineer 
REQUIRED by the GovernmMENT 
oF Taryipad for three years’ service in the 
PuBLic Works DEPAKTMENT with prospect. of 
rmanency. Salary £500 a year rising by annual 
mcrements of £50 to £600 per annum, with a tem- 
orary addition ranging from £201 to £235 perannum, 
ree passages provided. Candidates, aged 30-40, 
Lieetogae A single, who must be fully qualified 
lydraulic Engireers, able to carry out Surveys, 
ne plans and estimates for Water Suppl 
o:ks, and assist in the execution of such worl, 
a ey at once, in writing, giving age and brief 
details of experience, to the CROWN kGENts FOR 
THE OOLONIKS, 4, Millbank, 8.W. 1, quoting 
M/Trinidad 10,486. 
ry re must have served in some branch of 
His Majesty's Forces during the late War, unless 
satisfactory reasons for not doing so can be 
L 247 


furnished. 

Civil Engineers for Rail- 
WAY Construction REQUIRED for 
the undermentioned vacancies by the 
GoveRNMENT of the Goin Coast for two tours each 
of twelve months’ service with possible extension. 
First-class haseage. Free quarters or a field allow- 
ance of £7 10s. 0d. a month in lieg therof, Liberal 

leave in England on full salary :— 
Reference No. M/@.C. 10518: Appointment: 
District Engineers. ualifications : Beod charge 
experience on Railway Construction. Salary: £800 


a year. 

eference No. M/G.C. 10520. A ntment: 
Assistant Engineers, Qualifications Provione 
ilway Construction, Salary: £600 


experience on 

a year. 
ndidates the above experience 
should apply at once in writing, Rus e and 
brief details of nee wins, the OR WN AGENTS 
FOR THE LONI 4, Millbank, London, 
8.W. 1, quoting the reference numberof the vacancy 
for which they make a F og a must 
have served in some branch of H.M. Forces durin, 
reasons for an 








age, full experience and salary 
flices of ENGINEERING. 


























the late war, unless sa’ 
having done so can be furnished, 





anted for Argentina, .Ex-| 


rienced ASSISTANT DOCK ENGINEER. 
Sa 750; age not more than 33.—Write, 
R.B.R., c/o Dayiss & O0., Finch Lane, B.C. 3. 1286 
W anted, Motor Engineer for 

small Midland Motor Works, capable of 
jig and tool designing and producing on up-to-date 
methods Motorcar Component Parts, and super- 
vising complete car production. Salary £300 and 
bonus on production.—Address, L 263, Offices of 
Buonaratne. 

GREAT INDIAN PENINSULA RAILWAY. 


ASSISTANT ENGINEER. 


The Directors are prepared to receive 


ritten Applications from 

duly qualified candidates for a VACANT 

APPOINTMENT ina superior grade of ASSISTANT 
ENGINEER on the Company’s staff in India. 

Candidates, who may be between the ages of 28 
and 33 years, must have received a sound general 
and seientific education and have served an 
apprenticesbip or pupilage to a Civil Engineer 
engaged in constructional work or to an Engineer 
to a British Railway Company. 

Candidates must preferably have ed the 
Associate Membership Examination of the Institu- 
tion of Civil Engineers, or have taken a degree 
exempting from sueh examinations; they must 
also have had considerable experience in design, 
construction and maintenance on railwaysin Great 
Britain or in Foreign Countries, 

The terms of the Appointment are a three years’ 
engagement in the first instance; this may be 
subsequently extended by arrangement ; tbe salary 
for the first year will be Rs. 600 to Rs. 7v0 per 
mensem, according to qualifications. Increase of 
Rs. 50 per mensem will be given for the second and 
third years. The Company will provide first-class 
passages to India, and the salary will commence on 
the date of sailing for that country. 

Applicants must give a full chronological record 
of their general and technical education, apprentice- 
ship or pupilage and subsequent engineering 
experience. Those who may have served in the late 
War should gyve particulars and date of that service. 
Candidates must also state whether they are 
married or single. L 299 

Applications, accompanied by copies of any testi- 
monials, must be addressed to the Company's 
Consulting Engineer, ROBERT WHITH, Ksq., 
M.Inst.C.E., 3, Victoria Street, London, S.W. 1. 

COLOMBO MUNICIPAL COUNCIL, CEYLON. 

WATERWORKS DEPARTMENT. 


The Colombo Municipal Council requires the 


‘ervices of an Assistant 

k ENGINEER, who must have hada 

good technical education, and have been 

articled to a Civil Engineer and obtained experience 

on works of water supply, both in design and in the 

construction of new works and in ordinary main- 
tenance, 

Applicants should have passed the examination of 
Associate Member of the Institute of Civil Engi- 
neers or hold some other equivalent qualification. 

Candidates should be unmarried and be Letween 
25 to 32 years of age. 

The appointment will, in the first instance, be a 

robationary one for a period of three years on an 
Pnitial salary of Rs. 6750 perannum with an increase 
of Rs. 250 per annum after two years’ service, and 
rising to Rs, 9000 per annum with a contmuted 
allowance of Rs, 900 perannum. In addition there 
is at present a temporary allowance of 20 per cent. 
on the salary. 

The selected candidate will be required to pass a 
medical examination. 

The gentleman appointed will be required to 
enter into an agreement to serve the Council fora 
period of three years in the first instance, after 
which period, if his services are satisfactory, 
permanent employment under the Council, fh 
accordance with its rules and regulations relating to 
leave, pension, etc., will be offered, 

Free passages to Colombo, first class by non-mail 
steamer or second class by mail steamer, will be 
provided with half pay during the voyage out. 

Should the services of the officer be not required 
at the expiration of the three years for any reason 
other than misconduct, or should the officer desire 
to terminate the appointment, free passage to 
England will be provided by the Council. 

Applications endorsed “Assistant Engineer, 
Colombo,” stating age and qualifications, and 
accompanied by copies only of testimonials, should 
be forwarded to :— 

N. M. IneraM, Esq., 
Burlingham Rectory, 
Burlingham, 
Norfolk, 
— must be received not later that 15th January, 
1921, 


Secreta 
The Town Hall, 
Colombo, 12th November, 1920. 
T 
PD rarghtsman Wanted. 
Previous experience on Boilers and Structural 
work a necessary qualification. Good opening for 


experienced man.—Address, stating salary required, 
age and references, L 245, Offices of ENGINEERING. 


K OXY —Thanks Appli- 
” ecante for Position as 
Draughtsman, and beg to inform them that the 


VACANCY is now FILLED, L 266 


Chief Draughtsman Wante 


at once for well known firm of Steam Wagon 
makers. ye will only be considered from 
those who have held similar positions. Excellent 
P ts for suitable man.—Address, L 285, Offices 
of ENGLNEERING. 


Re uired, by Old Established 

es ie in India, FIRST-CLASS 
STRUCTURAL DRAUGHTSMAN. Good salary 
and pr ts for suitable man.—Reply fully, stating 
age, experience and salary required, and whether 


marri or single, Z.L. 880, care of Dxacon’s, 
Leadendall St., London, B.C. 3 Lél 


eneral Constructional 
DRAUGHTSMAN WANTED for London, 
Sound theoretical knowl essential. Must be 
capable’of taking out quantities for estimates and 
used to Steel Framed details. Permanency 
for right man.—Address, 'L 301, Offices of Enai- 


L 194 




















Ld 





L 279 | NEERING. 


and Construction Works, COM. 
PETENT DESIGNER.—State full 
salary, &c.—Address, L 303, Offices of BNG@inEERine. 


Prazghtsman, Experienced, 

REQUIRED by large industrial concern in 
Glasgow with first-class experience in layout of 
modern turbine installations and boiler houses, 





of experience. and salary required.—Address, | 
Offices of ExeGrvFeRrine. 
} | raughtsmen Required, ex- 
perienced in high 
ABCOCK & WILCO 
I 





machines — Apply, 
Renfrew. 


irst-class 


DRAUGHTSMAN REQUIRED immediately, 
—Address, giving particulars of experience 
salary required, L 292, Offices of ENGINEERING. 








must have-sound experience in Sugar” 


age, and salary, 
Offices, Liverpool. 


L 
W anted, Foreman with 
expert knowledge and practical experience» 
of live back axle construction for Commercia}” 
Vehicles. All replies treated as confidential) 
Address L 275, Offices of ENGINEERTNG. : 


Froreman- iKngineer 


for large Works in Kent, 








Must be 


steam engines, gas engines. locomotives, and” 
cranes.—Address, stating age, experience and wages” 
required, L 269, (Offices of Engin E+ RING, 


Jroreman Wented in Lond 


— 


Operators, Only those capable of getting 





* 











aprly.—Write, stating age, experience and salary 
required, to JOURNAL, care of Dixon’s, 195, Oxf 
Street, W. Li 
> ane BAF - —__ ae 
ead Foreman Patternmaker 
REQUIRED for Pattern Shop for Engiee 
neering Works in East Midlands. Applicants musty 
be thoronghly conversant with the best methods < 
making patterns for the production of large an@y 
small castings. A knowledge of making patternm | 
for machine moulding essential. Only applicantem 
anges. these qualifications will be consideredyy 
tate age, salary required and qualifications— 
Address, L 307, Offices of ENGINEERING. 
SITUATIONS WANTED. 4 
Q o . 
Hagineer (A.F.R.46.8. )Reguires 
Administrative or Technical post at Home oF 
Abroad. 14 years’ practical and technical ex periente 
on Aero, Locomotive and General Work. Used te 
control] of large staff and Drawing Office. Excellent 
credentials.—Address, L 203, Offices of ENGINE FRING» 
j‘ngineer (32) B.o.T., Extra 
First-class Certificate. Secondary and Teche) 
nical School education, DESIRES POST as ap: 
assistant to Marine Superintendent Engineer, oF 
similar occupation.— L v2, Offices of ENGINEERING, ~ 
otor Engineer, Organiser 
and Designer.—_A man of ripe experienc® 
possessing initiative and proved powers of organisa 
tion is SERKING CHANGE. WorXs Managership 
or other responsible position desired. Wil! pull® 
falling business into shape or improve a progressive; 
one.— Write “ON WARD,” Box 4496, c/o A. J. Wi: 508 
AND Co., Ltd., 154, Clerkenwell Koad, London, oe 


ears En 


A dvertiser, 
gineering firms REQUIRES PERMAN-| 

Certified Accountant, Accustomed cos 

purchasing, selling, correspondence and secrete 


ENCY. 


ad 


—Address, K 977, 
rogress 


ffices of ENGINEERING. 


Copleae 
Manager Seeks 
CHANGE, Records, Statistics, Store 
Stores Records, Sub-Contracts, &c. Good refi 
distance no object.—Address, L 244, Offices of ENGR 
NEERING. # 


Wanted Post as Buyer of 


Assistant. Good “general” engineer 
weer Permanency desired.—Address, L 3 
Offices of ExGINEERING. 














. 
_ PUBLICATIONS. 


NEW PATENT LAW. 


The Handbook of Patent Law of all Countries, 
y W. P. THOMPSON, F.C.S., M.1.Mech.E., ete, 
Chartered Patent Agent of Liverpool. 

157 pages. Crown Octavo. 1920. KS& 
All Countries, 6/-; British Law only, i/-. 
London STEVENS & SONS, 


ej onsen 
71, ery Lane, 
“ LONDON, W.c.2 


Telephone: Holborn No. 1249. . 
-j ohn E. Raworth & Most, 


CHARTERED PATENT AGENTS, 
75, Victoria Street, Westminster, S.W. 1. i} 


atents, Inventions, Trad@ 
MARKS, DESIGNS.—Advice and Handboe 
free.—_KING’S PATENT AGENCY, Lowirep, 14649) 
Queen Victoria Street, London. Over ay et 
referenc: Teleph : Central 682. 30 





PATENT AGENTS. 


& Son, 


CHARTERED PATENT AGENTS, 





a 








es. 








BRED @& 
okal ’ PAHT AGENT, & 


1, Great James Street, Bedford Row, London, W.01: 
T.N. 4515 Museum. oom 





P)2yghtsman.— Wanted for 
Brid 


Applications to state age, where employed, details _ 


class cranes and rite 


Machinery design and details. State -experienee | 
BE. 30, Bircuatt’s Adver “ing 5 


Wanted 


perienced in up-keep of heavy mill machina 


On 
over 12 to 20 Herbert and Gisholt Turret | 


maximum output from this type of machine nee@ 


particulars, 7 


< 


he 


298 ie: 


Aeroplane” 
and 5 


W anted, Two Draughitsmens* 
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ARCH BRIVGES. 

A REMARKABLE paper on steel arches has been 
contributed to the Proceedings of the American 
Society of Civil Engineers by Mr. J. A. L. Waddell, 
the well-known bridge engineer. Finding his 
ordinary professional work interrupted by the war 
he seized the opportunity to make a very elaborate 
study of the economics of steel arch bridges. The 
problem he set himself was to determine the pro- 
portions of rise to span, depth of rib and type of 
arch which required least steel in the superstructure. 
The plan of investigation followed was to get out 
complete detailed designs for each type with different 
ratios of span to rise and different depths of the rib. 
The weights were taken from these drawings, and 
by plotting these the most economical values of 
the variables concerned could be ascertained. The 
labour involved was, of course, immense, and Mr. 
Waddell well deserves the thanks of constructional 
engineers for the courage and determination with 
which he faced and completed the task. 

For three-hinged arches with the grade line 
approximately tangent to the top chord of the 
arch at the crown, the most economical ratio of 
rise to span was found to be as follows :— 

Solid rib structures see (O89 
Braced rib structures... om ove --- 0°225 
Spandrel braced structures with hinge above 0-25 

All these values may be decreased or diminished 
by 0°025 without material difference in the weights. 
For three hinged half-through arches, the best 
ratio of span to rise was found to be 0-225 for solid 
rib structures and 0-30 for braced ribs. Finally, 
for three hinged arches carrying a deck high above 
the rib, the best ratio of rise to span was found 
to be 0-25 to 0-28 for solid rib structures and 0-33 
to 0°38 for braced ribs. These conclusions are 
based on designs for spans 200 ft., 500 ft. and 
800 ft. long. It was further found that the most 
economic ratio of rise to span was practically 
unaltered if one of the hinges were eliminated, 
but with a hingeless arch, the ratio of rise to span 
should be increased to 0-28 for a low-deck structure, 
0:33 for a “ half-through”’ arch and to 0-38 for a 
high-decked bridge. As for the best depth of the 
arched rib, Mr. Waddell observes that in the case 
of solid ribs the depth should be the maximum 
consistent with proper resistance to the thrust. 
With braced ribs and three-hinged arches the best 
depth is 7-5 per cent. of the span length, but con- 
siderable departures from this do not greatly affect 
the' weight. In the case of two hinged arches, 
Mr. Waddell finds that the crescent shape is only 
slightly more economical than a rib of uniform 
depth. In the case of hingeless arches he concludes 
that the depth at the springings should be twice 
that at the crown. 

The following formulas for the weights of arched 
bridges were deduced from the numerous com- 
putations made: It / be the span in feet and W 
denote the weight of metal per linear foot of span 
in the arches alone, D the dead load in pounds per 

inear foot, and L the live load plus impact, also 
in pounds per linear foot, then :— 

For three hinged arches 

Wa = (0°000282 D + 0:000426 L) / 
For two hinged arches : 
Wa = (0°000248 D + 0-000416 L) / 
For hingeless arches : 
Wa = (0-000272 D + 0°000460 L) / 
These figures are based upon a theory of the author’s 
that in the case of “ reversing” stresses one-half 
the sum of the smaller stress should be added to the 
larger and the member proportioned for the sum 
thus found. If the effect of “reversal” be 
ignored the formulas become :— 

For three hinged arches : 

Wa = (0-000292 D + 0-000396 L) 7 

For two hinged arches : 

Wa = (0°000258 D + 0-000380 L) / 

And for hingeless arches : 

Wa = (0°000270 D + 0-000398 L) / 

It is obvious from their form that the above 
equations must be considered as formulas of 
interpolation only and should not be used for spans 
far outside of the limits for which the calculations 
were made, that is to say, for spans outside of the 





limits of 200 ft. and 800 ft. covered by the calcula- 
tions. 

In his paper, Mr. Waddell does not give the 
impact factor adopted, a factor which, as frequently 
applied in American practice, is wholly unscientific 
and at variance with all observations on actual 
bridges made with the requisite care. 

So far as the assumptions adopted in his 
calculations are acceptable, Mr. Waddell’s results 
are no doubt to be relied on, and in any case must 
be of great service to constructional engineers. 
Of course, as he himself points out, considerable 
departures from the proportions giving the greatest 
economy of steel may be advisable in view of other 
considerations, but even fairly large departures 
do not generally involve any excessive inorease 
in the total weights. As regards the comparison 
Mr. Waddell makes between hinged and rigid 
arches, however, a personal factor enters, and his 
conclusions will accordingly be disputed by many 
engineers. He concludes from his calculations that 
the hinged arch is considerably more economical 
than the rigid arch, a view which is contrary to 
that held by many other engineers. Mr. Waddell, 
however, arrives at his results owing to the 
importance he attaches to what he calls reversal of 
stress. The term, if we understand him correctly, 
however, is somewhat of a misnomer, as apparently 
in most cases the stress on the members under 
consideration is not actually reversed, but merely 
varies through a considerable range. 

Undoubtedly, as James Thomson proved in 1848, 
the elastic range of a material subjected to varying 
stress is closely connected with its strength, and his 
conclusion was confirmed by Bauschinger some 
thirty years later. Speaking roughly, it seems that 
the range of stress permissible on a test piece 
subject to varying stresses is nearly constant, that 
is to say a bar is nearly equally safe if subjected 
to a stress which varies from 0 tons to 20 tons per 
square inch, or from — 10 to + 10 tons per square 
inch. This is, of course, not quite true, but is 
approximately so. Actual structures are, however, 
composite, and in that case we think experience 
is in favour of the view that the joints will be tried 
more heavily by a reversal of stress than by a 
mere variation of stress, the sign of which remains 
constant. At any rate, this is certainly true in the 
case of pin-connected structures. As regards 
riveted joints it must be admitted that ships 
endure well in spite of the large nominal stresses 
admitted in their design. Severe calls on the 
structural strength of a ship occur only, however, 
at infrequent intervals, and the structure has, 
moreover, like a plate girder the advantage of 
being highly “ indeterminate.” ' 

Mr. Waddell, it may be said, rather weakened his 
argument as to the relative strength of hingeless and 
hinged arches, in replying to the discussion on his 
paper. In this he observed that the believers in the 
economy of the rigid arch had made no proper allow- 
ance for what he calls reversal of stress as described 
above. He also suggested that the same mistake was 
made by the advocates of continuous girders, which 
he appears to think would show no economy if due 
allowance were made for this “ reversal of stress.” 
It is obvious from this observation that Mr. 
Waddell’s views are founded on a priori reason- 
ings, since in service, which is the real test, the 
record of continuous girders has been remarkably 
satisfactory. M. Rabut, for instance, found that 
continuous girders on the Western of France 
Railway were in perfect condition after many decades 
of service, under a traffic much heavier than they 
were originally intended to carry. Their behaviour 
was, in short, so satisfactory, that in widening a 
bridge on this line the original design was 
adhered to in spite of the increase in rolling 
loads since the original date of design and 
erection. In fact, commonsense is not always 
unreliable even in matters of structural engineer- 
ing, and common sense suggests that if a rigid arch 
did fail, it would become immediately a hinged 
one and still sustain its load. Something of this sort 
happened some twenty-five or thirty years ago to the 
cast-iron bridge at Rochester. A barge knocked a 
chunk out of the the rib near mid span, but as parts 
still abutted the load continued to be carried, the 
arch then acting as if it had a hinge at the crown. 





Again, whilst it is quite true that the calculated 
stress on a T-beam may, if the table of the T be 
sufficiently thick and the stem sufficiently thin, 
be greater than if the stem were completely removed, 
no man with shop experience of the properties 
of mild steel, actually believes that the strength 
of the beam would be increased by this removal. 
In short, there is no reliable a priori method of 
fixing working stresses. Some American engineers 
seem loath to admit this. Thus a few years back 
experiments on chain links made in an American 
engineering laboratory indicated that in working 
conditions the calculated stress was of the order of 
30,000 lb. per square inch. The experimenters 
accordingly declared that the recognised working 
loads for chains were too high and should be reduced. 
This, of course, was an utterly irrational conclusion. 
The real criterion as to whether a chain be strong 
enough is its behaviour in service, and this is 
notoriously satisfactory in spite of the abuse chains 
almost invariably receive. 

For the same reason, Mr. Waddell’s criticisms of 
rigid arches and of structures with redundant 
members generally, approach the problem, it seems 
to us, from the wrong le. It is impossible to 
fix the true factor of safety of a structure merely 
by calculation unchecked by comparison with the 
behaviour of such structures in service. 

Moreover, whilst a varying stress is undoubtedly 
more dangerous than a dead one, the number of 
repetitions of a stress is a factor not to be neglected. 
In guns the range of stress is exceedingly high, 
but it would be impossible to wear out a gun by 
fatigue, since before the requisiteYnumber of repe- 
titions of stress had been attained the gun would 
already have been discarded for other reasons. 
Again, one of Wohler’s iron bars broke only after 
800 repetitions of a stress amounting to 22-92 tons 
per square inch. Had this varying stress been pro- 
duced by seasonal changes, from summer to winter, 
some hundreds of years would have been needed 
to produce rupture. For this reason we are inclined 
to think that the importance of temperature stresses 
in rigid arches may well be over-estimated. 

At any rate there is no question as to the satis- 
factory behaviour of redundant structures in ser- 
vice. Although there are,one or two instances on 
record of parts of such structures, when badly de- 
signed, breaking through temperature changes, these 
fractures have never involved the collapse of the 
bridge. The extraordinary endurance of such struc- 
tures is well illustrated by the failure of the re- 
treating Roumanians to destroy the great bridge over 
the Danube at Cernavoda in 1916. Here complete 
members were blown in two, yet the bridge stood 
and was easily and rapidly repaired. In fact, the 
record of redundant structures in service is ex- 
ceptionally satisfactory, but nevertheless Mr. 
Waddell apparently still maintains that they are 
objectionable, and warmly repudiated a suggestion 
made in the discussion that he was swinging over 
to an approval of such structures. One American 
bridge engineer some decades ago, took up the un- 
scientific attitude that the plate girder was the most 
unscientific of structures because it was impossible 
to calculate with accuracy the stresses to which it 
was subjected. It is not, however, scientific to 
regard a structure solely from the standpoint of 
the computer. Rankine pointed this out years ago 
in the inaugural dissertation he delivered on his 
appointment as Professor of Engineering at Glasgow 
Macaulay had suggested that the barbarians that 
raised Stonehenge were destitute of scientific 
knowledge, because they were unacquainted with 
the parallelogram of forces, although they had the 
practical ability to pile up that enduring monument. 
Rankine claimed, however, that this practical 
knowledge was as much a branch of science as was 
the computation of stresses, and that to ignore it 
would be essentially unscientific. 





A 5000-FT. HEAD HYDRO-ELECTRIC 
PLANT. 

ALTHOUGH no great amount of hydro-electric 
development has been carried out in this country, 
this position of affairs is due more to low fuel costs 
in the past than to absence of natural facilities for 
such work. The potential water powers of Great 
Britain do not, of course, compare favourably witb 
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those of say Norway, Sweden and France, but our | 
position is better than is frequently supposed. B 
has been estimated that the horse-power available 
per square mile in Great Britain is 8*3, as compared | 
with corresponding figures for Canada, the United | 
States and Germany of 9°4, 9°3 and 6-8. Probably | 
a considerable part of our potential water power is | 
not commercially available, but there are certainly | 
many sites offering favourable prospects, as recent 
investigations have shown, and developments in this 
direction would on general grounds appear to offer 
more attractive commercial prospects than schemes | 





for the utilisation of tidal power. 

The figures quoted above show this country in| 
quite a favourable position as compared with the | 
two great countries of the North American Con- | 
tinent, but a statement in terms of population | 
would wear a different aspect. Owing to the 
relatively small size of these islands our total power 
available is, of course, enormously smaller than 
that of, say, the United States. Our small number 
of square miles means that we have no large water- 
sheds, so that the total volume of water available 
is small. As, however, we have a hilly country, 
' fair heads should be obtained in a number of cases, 
so that particularly for the smaller installations 
one may ultimately expect to see the Pelton wheel 
employed to a considerable extent -here. ” From 
this point of view, and also from that of its intrinsic 
technical importance, the hydro-electric installation | 
at Fully, in Switzerland, is of much interest. 

The installation is situated some few kilometres 
from Martigny, in the Rhone Valley, and operated 
from an Alpine lake situated 2,150 m. (7,000 ft.) | 
above sea-level. The Pelton wheels are fed by a 
pipe line about 4°6 km. (2°85 miles) in length, which 
is connected to a tunnel 500 m. (550 yards) long, 
which is partly under pressure. The net head is | 
1,650 m. (5,412 ft.), which is:probably the highest | 
working head in existence. The generating station | 
contains four sets each of 3,000 h.p., which run at 
500 r.p.m., the Pelton wheels each having a single | 
jet which strikes the wheel . horizontally at its | 
lowest point. A general view of the site showing | 
the power station and in which the position of the | 
pipe line is indicated is given in Fig. 1 herewith, | 
while an interior view of the station showing the 
four turbine sets is given in Fig. 2. 

The Pelton wheels have an overall diameter of | 
3°715 m. (12 ft.) and are of forged steel. They 
each carry 54 buckets and are so designed that no 
part either of the disc or the buckets is subjected 
to a higher tension than 1,000 kg. per square centi- 
metre (14,200 Ib. per square inch) even in case of 
runaway. As each bucket is exposed more than | 
eight times a second to the blow of the jet leaving | 
the pipe at a velocity of about 180 m. per second | 
(590 ft. per second) the method of fixing required | 
careful study. The buckets have to resist the | 
vibration produced by the continual blows and also | 
the centrifugal stress of about 13 tons, which tends | 
to force the bucket off the disc in the event of 
runaway. The bucket fixing arrangement which | 
has been adopted is a patent of Messrs. Piccard | 
Pictet, of Geneva, who built the wheels and carried | 
out the whole of the hydraulic side of the installa- | 
tion. A view of one of the complete wheels is | 
given in Fig. 3, on page 825, while Fig. 4 shows the | 
method by which the buckets are secured. As | 
will be seen the buckets are carried in a morticed | 
groove, and are fixed tangentially by formed keys | 
driven axially between them. The whole makes | 
@ very rigid assembly with the disc. 

The wheel itself is fixed on the turbine shaft by 
means of a cone keyed to the shaft. This gives a| 
true centering for the disc and allows of rapid | 
dismantling if necessary. ‘The end of the shaft on | 
the alternator side is provided with a forged coupling | 
disc, while the other end is direct coupled to the 
oil pump of the governor. The shaft is supported 
in two self-lubricated bearings mounted on a frame 
incorporated with the bedplate, which also carries 
the wheel case, the governor and the jet pipe. 
This cast-iron bedplate also forms a rectangular 
funnel below the wheel, which leads the outlet 
water from the turbine to a horizontal steel pipe 
of 1+30 m. (4+25 ft.) diameter and 10 m. (33 ft.) in 
length. This pipe issues from the power-house 
on the side opposite from the inflow of the water 








and empties into the tail race canal. At its outlet 
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We. 1. 


: 


Fic. 2. INTERIOR 
a sheet iron baffle holds up a certain depth of water 
and forms a deadening pool to break the velocity 
of the jet when deviated under the wheel by the 
deflection at times of sudden unloading. With 
a velocity of escaping water of about 180 m. a 
second, a tail race outlet of ordinary masonry would 
prove to be quite inadequate and would be rapidly 
worn away by the blows and eddies produced. 








GENERAL ViEW OF POWER PLANT AND SITF. 





or Powrr Hovss. 


The water is conducted from the feed pipe to each 
turbine by a cast steel pipe of 250 mm. (10 in.) in 
diameter, provided with a manually-operated 
equilibrium valve. The jet pipe fixed to the 
bedplate under the turbine has a nozzle of tempered 
steel, the water discharge from which is regulated 
by a steel needle which moves in the axis of the 
jet pipe. The needle is always inclined to open 
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Fic. 3. 


Disc oF PELTON WHEEL. 












when affected by the water pressure. It can be 
closed by a hand-operated screw, by oil pressure- 
mechanism, or by the automatic governor. A 
cast-steel deflector placed between the nozzle and 
the bucket wheel is raised or lowered, by the action 
of the governor, and when lowered causes a deviation 
of the jet away from the buckets on the wheel. 
The first deflection of the jet is obtained on the side 
of the jet nearest to the bucket wheel by the fall 
of the deflector from above the jet. This has the 


|| effect of giving an exceedingly rapid deflection in 


case of sudden unloading of the the turbine. The 
governor is of the Piccard Pictet oil-pressure double- 


Fig.7. SUDDEN LOSS OF LOAD FROM 2200 K.W.T00 
, ° 





Fic. 4. Merrnop or Fixixe Buckets. 


Fig. 6. SUDDEN OF LOAD FROM I100 KW.TO 0. 








action type. During unloading, it acts first on the 
shape of the jet, suppressing at once the force which 
actuates the wheel, and secondly on the discharge 
of the jet by slowly reducing the quantity of water 
passing through the nozzle until discharge sufficient 
for the net load is obtained. 

Various tests have been carried out in connection 
with this installation, both of efficiency and speed 
regulation of the machines. The efficiency was - 
determined by electrical braking, the alternator 
current being absorbed by a liquid resistance fed 
by water from the tail-race canal. In calculating 
the power of the turbines it was assumed that the 
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very high figures of efficiency for the electrical 
machinery, furnished by the manufacturers, were 
exact. The electrical readings were taken on 
standard instruments, and the discharge of the 
turbines was measured by a weir with a thin wall 
and end contraction set up in a properly-cemented 
channel. The curve of the discharge of the weir 
was checked by measurement of the flow with a 
standard current meter which was calibrated before 
and after the tests. The test figures obtained are 
plotted in the curve given in Fig. 5, on page 825. 
It will be seen that a maximum efficiency of 82-3 
per cent. was obtained, which is remarkably good 
considering the nature of the plant, and in view 
of the fact that the wheel as originally made and 
when these tests were taken was of abnormal 
dimensions in order that the runaway speed should 
not exceed more than 50 per cent. above normal 
speed. Some tests carried out by means of stop 
curves showed that the power absorbed by the 
wheel to overcome air friction only was very con- 
siderable, attaining at a speed of 500 r.p.m. nearly 
150 h.p. This figure, which includes mechanical 
losses in the bearings, corresponds to 5 per cent. 
of the normal power. 

The test results obtained on speed regulation tests 
are shown in Figs. 6 and 7. These are of much 
interest, and show that when a load of 3,200 h.p. 
was suddenly thrown off the turbine, the increase 
in speed was only 3} per cent., as against 7 per cent. 
guaranteed. These percentages are in relation 
to the speed before unloading. The permanent 
variation in speed between no load and full load 
was 3} per cent., this being the variation for which 
the governor was set. The super-pressure generated 
in the feed pipe during unloading was 0-6 per 
cent, as a maximum, corresponding to a.generated 
head equivalent to 10 m. This very low figure 
compared with a specified over-pressure of 10 per 
cent., or about equivalent to a head of 160 m. 
As far as is known these results have not been 
equalled by any other station in the world. They 
are to be attributed to the double-action type of 
governor and its extreme sensibility. In con- 
clusion, it should be said that with a view to intro- 
ducing Messrs. Piccard Pictet’s designs and utilising 
their experience in connection with hydro-electric 
projects in this country and the British Empire, 
Messrs. Vickers, Limited, of Broadway, Westminster, 
have come to a working arrangement with the firm. 
This association, combining the manufacturing 
resources of Messrs. Vickers with the expert know- 
ledge of Messrs, Piccard Pictet, should become of 
considerable importance in the field of hydro- 
electric work. 





THE ELECTRIC SUPER-CONDUCTING 
STATE OF METALS. 

Recent references in our columns to the extra- 
ordinarily high electric conductivity of metals at 
extremely low temperatures having called forth 
inquiries from our readers, we revert to-day to these 
problems, of which Professor H. Kamerlingh Onnes 
has been making a particular study in the Cryo- 
genic Laboratory of the University of Leiden. 
Lengthy accounts of these researches have during 
recent years been communicated to the Koning- 
lijke Akademie van Weienschappen of Amsterdam, 
and C. A. Crommelin, one of the collaborators of 
Onnes, has given a summary of the results obtained 
in the Physikalische Zeitschrift of May 15, June 1 
and June 15 last. We propose now to deal princi- 
pally with the experimental methods which we 
have not so far explained. 

When the liquefaction of the “ permanent ” 
gases had brought us within a hundred degrees and 
less of absolute zero of temperature (— 273 deg. C. 
or 0 deg. K. on the absolute seale also in deg. C), 
the fact was established that the increase in the 
electric resistance of metals with rising temperatures 
was continuous, or, if followed in the opposite 
direction, by a decided decrease in the resistance 
occuring at really low temperatures. It thus 
seemed reasonable to assume that the electric resist- 
ance would, if it did not actually vanish at absolute 
zero of temperature, at any rate approach zero 
value in an asymptotic manner. But the observed 
increase of conductivity with falling temperature 
was not always as regular as was expected. 


This was partly ascribed to the exceedingly great 
difficulties of the experimental determinations, and 
partly to the unavoidable presence of impurities. 

We are, after all, as little likely really to attain 
to the absolute zero of temperature as we are 
to attain absolute purity of any material. Theory 
suggested further considerations, however. In 
his paper on “‘ Aepinus Atomised,” (Philosophical 
Magazine, March, 1902) Lord Kelvin, extending 
the electron one-fluid theory of Aepinus (of Rostock, 
1724 to 1802) in the modern sense, had argued that 
there need not be any difference in principle between 
metals, which are good electric conductors at 
ordinary temperature, and substances like glass and 
Nernst glowers, which only conduct when incan- 
descent. Metals, Kelvin said, are so crowded with 
electrions—he preferred this term to electrons—that 
some electrions will always “ spill out.”’ At absolute 
zero @ metal may be a perfect insulator; even 
at 1 deg. K. the electrions may begin to spill from 
atom to atom, and at 16 deg. K. gold, platinum 
and iron may become very good conductors, as 
Sir James Dewar had shown. Onnes himself was 
guided by these views in his early experiments ; 
metals would become insulators, because the elec- 
trons were “frozen-up.” But his further { re- 
searches forced him to abandon this standpoint. 

In July, 1908, Onnes succeeded in liquefying 
helium which boils at — 269 deg. C. at atmospheric 
pressure, and at — 271-5 deg. C. at a pressure of 
only 3 mm. of mercury, and he thus came within 
1-5 deg. C. of absolute zero. We will not attempt 
any description of the very complex apparatus 
needed for these experiments. A platinum wire, 
0-1 mm. in diameter, gave at the following absolute 
temperatures: 273 deg. (0 deg. C.); 20-2 deg.; 
14-2 deg. (in liquid hydrogen); 4-3 deg.; 2-3 deg. ; 
and 1 -5 deg. (in liquid helium); the following corres- 
ponding relative resistances 1, 0-0171, 0-0135, 
0 -0119, 0-0119, and 0-0119. These figures express 
the ratios R;/Ro, namely, the resistance at each re- 
spective temperature over the resistance at 0 deg. C. 
(Onnes, we may state, writes W instead of R). 

There was thus found a decided approach to a 

constant value of the resistance, a result which 
was more compatible with the assumption of the 
presence of impurities in the drawn wire than 
with any reversal to a very high resistance accord- 
ing to Kelvin. Since it is hardly possible for any 
wires to be drawn without some contamination [of 
the purity of the metal, and since mercury can, by 
distillation between 65 deg. C. and 70 deg. C. be 
produced in exceptional purity, Onnes attempted 
to prepare mercury wire, i.¢., very fine threads of 
mercury which would, of course, be frozen at the 
low temperatures. After many failures he suc- 
ceeded in joining several (up to seven) very fine 
glass capillaries of V shape in such a way as to 
yield a continuous mercury thread. Each junction 
at the top of two U’s was connected with the mer- 
cury reservoir, and the U’s were slowly cooled from 
below, while the solidifying and contracting thread 
was continuously being replenished from above ; 
thus a long “mercury wire” 0-105 sq. mm. in 
cross section, was obtained. At ordinary tempera- 
ture this wire had a resistance of 173 ohms; at 
4-2 deg. K. the resistance was very small; at 
4-19 deg. K. it became immeasurably small, and 
continued so on further cooling. 
So far as could be determined by these 
experiments the ratio R;/R, was smaller than 
2 x 10—- at 2-45 deg. K. The mercury had thus 
suddenly passed into a “ super-conducting ”’ state, 
and the questions arose: Is there really any re- 
sistance left, t.e. does Ohm’s law still hold ?; or: Is 
the final, minute resistance due to impurities dr 
to “bad spots” in general, irregularities or gaps 
in the fine wires, &c.? In the total absence of 
resistance, Ohm’s law would be inapplicable, and, 
strictly speaking, our means of making electric 
measurements would be gone, since they are all 
based on Ohm’s law. This fundamental question 
still remains unanswered, but there exists sufficient 
reason to distinguish this last trace of apparent 
resistance, remaining below the “‘ vanishing point,” 
from a very minute resistance in the ordinary sense 
by the term “ microresidual resistance.” How 
current measurements are actually made in liquid 
helium we will presently explain. 





Similar measurements were made on other metals. 
Tin was fused in a vacuum and drawn into capillary 
glass tubes ; or a steel core was covered with tin 
which was turned down on the lathe ; a very fine 
spiral shaving was then pared off the coating with 
a razor tool and the shavings were fused togethre 
to form a wire 1-75 m. long, 0-01 sq. mm. in sec- 
tion, having a resistance of 190 ohms at ordinary 
temperature ; the wire was sometimes insulated 
with picein. Lead wire, 1-5 m. long, was similarly 
produced. The tin had a resistance vanishing 
point at 3-78 deg. K., the lead near 6 deg. K.; the 
latter point could not be determined exactly, 
owing to the difficulties of producing a cryostat 
for the range 6 deg. K. to 14 deg. K. The resistance 
of thallium vanished at 2-3 deg. K. Oddly enough 
tin amalgam (certainly not a pure metal) from the 
back of a mirror, was found to have quite a definite 
vanishing point at 4-29 deg. K. In this case the 
wire was produced by making scratches, alternately 
from the right and left, on the amalgam of a piece 
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of mirror-glass, so as to obtain a long, narrow, 
zig-zag strip of the foil. In the cases of gold, iron, 
copper and cadmium there was no sudden drop, 
only a gradual diminution of the resistance in liquid 
helium ; nor was the vanishing of the resistance 
observed in manganin or in constantan which would 
thus remain available for resistance measurements 
at extremely low temperatures. In the resistance 
curves, given in Figs. 1 and 2 annexed, the abscissae 
are temperatures in deg. K., the ordinates the 
ratios R;/R,. In the case of gold we see how the 
resistance decreased with decreasing impurity 
(marked in per cent.); we shall revert to this point. 

The vanishing point was found to be somewhat de- 
pendent upon the current density. Below a certain 
“threshold value” of the current, possibly 1,200 
amperes per square millimetre in the case of mercury 
the current did not evolve any heat. When this 
value was exceeded, heat was liberated, and the 
mercury lost its super-conductivity. The threshold 





| values for the three metals, Hg, Sn, Pb, differed 
| little from one another, however. 


If the flow of 
|current did not meet with any resistance whatever, 
| the current once started should flow indefinitely for 
long periods. Fortunately that is not so under 
ordinary conditions; otherwise switching, tele- 
| graphy, &c., would be impossible. The time 
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interval between the breaking of the circuit and 
the dying out of the current depends upon the 
ratio of self-induction to resistance, L/R, and is 
generally exceedingly short. One of Onnes’ lead 
coils had a cross section of 4, sq. mm. Wound ona 
brass tube, 8 cm. in diameter, the wire had at 
15 deg. C., a resistance of 734 ohms, and a self- 
induction of 10 millihenry; the relaxation period 
(in which the interrupted current would decay to 
1/c of its value, somewhat as in radioactivity) was 
hence 1/70,000 second. At 1-8 deg. K. the current 
should have flowed for days. Observation for so 
long a period was impossible, because even with 
very prolonged preparations, liquid helium experi- 
ments leave at the best but a few hours for actual 
measurements. The determinations were made in 
the way we shall now proceed to describe. 

The coil was suspended in helium (inside a double 
vacuum-jacketed vessel) between the poles of an 
electro-magnet giving a field of 400 gauss; the 
field was reduced to 200 gauss in 10 seconds and 
then removed, which took three seconds. The 
current thus induced deflected a magnetic needle 
in the outer circuit indicating a current of about 
0.6 ampere which flowed for hours. By modifying 
the experiment in various ways the current di- 
minution was foand to amount to about 1 per cent. 
per hour, and at that rate the current would have 
taken four days to vanish. We know nothing about 
any possible magnetism of brass, even if free from 
iron, at these temperatures; but no magnetic 
phenomena were observed in special experiments. 

To make sure that the current was really due 
to electro-magnetic induction, the ends of the lead 
coil were fused together to form a loop by which 
the coil was suspended from the hook of a long 
rod, protruding outside the apparatus. By pulling 
the hook up the lead wire was suddenly broken in 
the loop and a current of 0-3 ampere was then 
recorded in the ballistic galvanometer of the external 
circuit, branched off from the loop. This current was 
only instantaneous, because the outer circuit now 
contained resistance in the ordinary state. It is well 
known, further, that the resistance of some metals 
increases in magnetic fields. Trying this in helium, 
Onnes observed that the “threshold value” of 
the current intensity is altered by the field some- 
what as it is by temperature. When the field 
exceeds a certain strength, the super-conductivity 
ceases as if the wire had been heated. 

In other measurements, the potential differences 
at the ends of the wires were determined by the 
potentiometer method. The great trouble in such 
measurements is, of course, to prevent the inflow 
of heat through the electric connections. We 
give one series of results obtained with a mercury 
wire, 0-0015 sq. mm. in section, 20 cm. long (of 
a resistance of 130 ohms at ordinary temperature), 
when cooled to 3°6 deg. K. With currents of 375 
amperes, 490 amperes, 500 amperes, and 625 amperes 
per square millimetre flowing through this wire 
potential differences of 0, 0-27, 2°12, 12-9 micro- 
volts were observed ; the threshold value was thus 
exceeded when the current rose above 400 amperes 
per square millimetre. 

It has*been thought that the super-conductivity 
and even the high conductivity of metals at low 
temperatures might supply us with electro-magnets 
of enormous strength. In iron-core electro-magnets 
the saturation of the iron limits the attainable 
field intensity. Long before that, however, the 
heat generated in the coils would put a stop to 
our increasing the intensity of the existing currents. 
Before hydrogen had been liquefied Perrin suggested 
cooling the coils by liquid air. Fabry calculated, 
however, that for a field of 100,000 gauss we would 
need 100 kw. per second, and seven times that 
energy for producing the liquid air required to 
carry off the heat. We should not fare better 
with liquid helium, and as the magnetic field itself 
would set up resistance in the coils, the problem 
looks hopeless. But super-conductors have some 
odd properties. It proved sufficient to press 
lumps of lead together as terminals to obtain a 
super-conducting lead key free of all contact re- 
sistance. On the other hand, we have mentioned 
already that the lead wire (a super-conductor in 
helium) was simply wound on a brass tube (not a 
super-conductor). When mercury was drawn into 





a capillary of steel (instead of glass), the mercury 
resistance vanished at 4°19 deg. K., as if the steel 
were an insulator. When brass was coated with 
a thin layer of tin into which a spiral was then cut, 
this tin wire did not lose its resistance altogether ; 
in tin coated on manganin the resistance vanished. 
These experiments were not quite concordant, 
however, and the explanations suggested are not 
very convincing. 

We come back to the “ micro-residual resistance.” 
If that resistance were due to traces of impurities, 
we should hardly expect a sudden decided drop at 
a particular temperature, and Onnes observed, in 
fact, that when he purposely contaminated his 
super-conducting purest mercury (with gold or 
cadmium) it remained a super-conductor. We 
have seen, moreover, that tin amalgam can be 
a super-conductor, and is, in fact, easily turned 
into that condition. On the other hand, gold 
would not become super-conducting; the resist- 
ance decreased more and more as the purity was 
raised, but there was no venishing point, though 
we certainly can purify gold well. If the super- 
conductivity of mercury were to be ascribed to 
its extraordinary purity, it should only contain 
1/1,000,000 of the impurities of the finest gold 
—which is difficult to believe. Analagous to 
impurities any want of homogeneity in the wires 
would favour thermo-electric phenomena, the 
range of which C. Benedicks has recently extended.* 

In the fine wires of Onnes “‘ bad spots” may arise 
from variations in cross section and from breaks in 
the continuity of the wire, originally present or 
formed during the solidification, or crystallisation 
of the metal. On the whole the regularity of the 
phenomena seemed to indicate that thermo-electric 
or electro-thermal disturbances were not at work. 
But the law of Wiedemann-Franz broke down. 
According to this law the ratio of the thermal 
conductivity \ to the electric conductivity « is the 
same, A/x = aT, for all metals at a certain tem- 
perature; according to Onnes the coefficient a, 
is for temperatures below the vanishing point 
10’ smaller than the a for temperatures above 
that point. Though this law has now proved a 
stumbling-block for several theories, it is admitted 
that none of the theories of thermal and electric 
conductivity, proposed since Drude first attempted 
a general electronic theory, can be regarded as alto- 
gether satisfactory. According to Crommelin the 
dipole theory which Sir J. J. Thomson outlined 
in his May lecturet before the Institute of Metals, 
1915—-which in its origin, it should be noted, dates 
back to the end of the past century—is the most 
satisfactory and the only one which accounts 
for the critical temperature, the vanishing point 
of the resistance. Kamerlingh Onnes himself 
pointed out even in 1911, that we must regard 
the electrons not as frozen up at extremely low 
temperatures, but rather as being then quite un- 
impeded in their movements. Following a line 
of argument of Lenard’s, he suggested that, at the 
vanishing point, the atoms would be so close together 
that their electrons could pass from one atom to 
the other without any work having to be done. 
If we arranged a number of billiard balls in a row, 
all in immediate contact, and hit the first ball, 
the last would fly off with the full energy of the 
blow. The difficulty in such models is that we 
cannot connect any concise idea with the suggestion 
of atoms and electrons in actual contact. We 
know, however, that electric conductivity and 
thermal conductivity cannot be separated in theory. 
For this reason the recent papers of Kamerlingh 
Onnes and his collaborators, Burgess, Cath, Crom- 
melin, Holst, Keesom, Oosterhuis and others, deal 
with specific and atomic heats, critical points and 
thermodynamics rather than with electric resistance. 

Though ultimately any problem of pure science 
is a problem of applied science, the technical .man 
may, for the present, rest satisfied with the 
demonstration of a state of super-conductivity, 
while doing his best to utilise the peculiar high 
conductivity and other possible advantages of 
working at low temperatures without going to 
extremes. A good deal it would seem, might be 
done in that field. 





* See EvGINEERING, June 18 last, page 831. 
t+ See ENGINEERING, May 21, 1915, page 577. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


An ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
the 17th inst., at 6 p.m., at Storey’s-gate, St- 
James’s Park, Westminster, the president, Captain 
H. Riall Sankey, C.B., occupying the Chair. 

The formal business having been despatched, the 
President referred to the dinner which had been 
given during the previous week to the engineering 
professors of London, with a view to enlisting 
their sympathies in securing graduates for the 
Institution. This dinner had proved a great 
success. He further stated that three centres had 
sent in requests for local branches, and tentative 
by-laws or rules had been prepared. A committee 
was sitting to consider the question of associate 
members being placed on the Council, but no 
definite conclusion had yet been reached. Nego- 
tiations were also on foot with the Board of 
Education with regard to the education and train- 
ing of mechanical engineers throughout the country- 
The Council regarded this movement as one of 
great importance, and Members of Council had 
been appointed to act with a committee of the 
Board of Education. 


THERMODYNAMIC CycLES AND DESIGN OF 
INTERNAL-COMBUSTION ENGINES. 


A paper, by Dr. W. J. Walker, entitled “ Ther- 
modynamic Cycles in Relation to the Design and 
Future Development of Internal-Combustion 
Engines,” was then read; it is reprinted on 
page 847 of our present issue. 

The President opened the discussion, and re- 
marked that in years gone by such papers had dealt. 
with the theoretical aspect ; principally the constant: 
volume cycle, and a little with the constant pressure 
combination. He thought the author’s paper a 
great advance. Diagram Fig. 11, with others, 
would enable designers to improve on the design 
of internal-combustion engines. He objected to the 
division of the temperatures into eighths in Fig. 11, 
and preferred tenths. To be useful, the diagram 
should, of course, be drawn on a large scale. 
Referring to the formula for efficiency, he had 
endeavoured to compare. this with that given by 
Mr. Wimperis, but he had been unsuccessful, owing 
to the notation being totally different. Uniformity 
on this point would be advantageous. 

Mr. E. W. Petter said the subject deserved more 
attention than it had received. All engaged in the 
design and manufacture of the internal-combustion 
engine would welcome the paper. Makers were ready 
to explore every new avenue suggested by theory- 
The Diesel engine was developed from theoretical 
principles. Dr. Walker disapproved of the term 
“ Semi-Diesel,” but he thought it was defensible. 
That type of engine was introduced about 1910. 
Then the accepted tpye was the low-compression 
Akroyd engine and the Semi-Diesel was a new form 
of engine, for which a title was wanted. He would 
accept some of the blame—or the credit—for the 
term adopted. The Diesel engine cycle represented 
the constant pressure cycle, and since the Semi- 
Diesel engine (called the dual combustion cycle in 
the paper) was a combination of the constant pres- 
sure cycle and the constant volume cycle, the name 
“ Semi-Diesel ”’ was obviously a suitable title for 
engines working half on one cycle and half on the 
other, as illustrated in Fig. 3 of the paper. The 
engine was, moreover, half the price and gave only 
half the worry of a Diesel engine. Dr. Walker had 
summarily dismissed the entropy function, but the 
discussion of the subject was not complete without 
it. Many features were exhibited in an instructive 
form in the theta-phi diagram, such as the effect 
of variable specific heat, the heat losses and gains 
in compression and expansion and the internal 
energy of the gas, which by means of it could 
readily be measured at any point in the cycle. 
He considered the time would come when the 
investigation of entropy would enter more than 
it did at present into the investigation of the 
thermodynamics of internal-combustion engines. 
Referring to Fig. 4 of the paper of the dual cycle, 
Dr. Walker made certain comparisons in favour of 
this cycle. It was, however, ideal and could not be 
realised in practice. The toe from ¢ to d would have 
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to be omitted and the constant pressure line from | 


a to f would be lowered by reason of the partial 
combustion of b to a. All solid injection engines 
partook of the property of dual combustion. The 
first part of the charge served to raise the com- 
pression pressure, while, in some cases, the injection 
of the remainder was deliberately prolonged in 
order to obtain the constant pressure effect. 
“|Lhe dual-combustion cycle with extended expan- 
sion, even if it were practicable, would seriously 
diminish the mean effective pressure ; but, from a 
theoretical point of view, the cycle was interesting, 
because the efficiency, instead of increasing with the 
compression ratio (r) passed through a maximum 
value with increase of r. He fancied that Dr. Walker 
had forgotten that in the combustion from b to a, 
oxygen necessary for the combustion from a—f 
was being used and the constant pressure line a—f 
was not attainable. Fig. 11 would be very service- 
able in the investigation of a thermodynamic cycle. 
He thought an example of the use of a diagram 
in the case of a Diesel engine cycle might be 
added. He regretted that in the paper a cachet had 
been put upon the use of water injection. What- 
ever system was ultimately adopted for utilising 
waste heat, water injection for any purpose was 
ruled out. If the water contained lime, this was 
deposited on the cylinder walls and on the piston 
with obvious results. If the fuel obtainable con- 
tained a high percentage of sulphur sulphuric acid 
was formed and the engine being rapidly destroyed. 
Mr. W. J. Stern, of the Air Ministry Laboratory, 
remarked that on the previous evening Mr. H. R. 
Ricardo had read a paper at the Aeronautical 
Society (referred to elsewhere in this issue) which 
dealt with the very point under discussion. Mr. 
Ricardo had shown that the cycle adopted in the 
present internal-combustion engines was most 
efficiently carried out, the engine yielding as much 
power as could be given with that cycle, using the 





accepted working substance. There was, there- 
fore, little chance of improvement in that direction. 
Both he (the speaker) and Mr. Wimperis had at | 
once realised the importance of the author’s paper, | 
in so far as it opened out the trial of a cycle differing 
from the ordinary one. Some of Dr. Walker's 
claims were open to doubt. In the particular’ 
diagram taken by Dr. Walker (a = 1°7, p = 2,/| 
v = 13) the efficiency of the Diesel cycle section | 
was about 59 per cent., with a compression ratio 
of 13:1. If to this were added part of a constant | 
volume cycle, with a compression ratio of 9 to 1, | 
the latter part would give an efficiency of 62-1, | 
and the mean of the two together would be 59-7. | 
He drew the conclusion that in the case of the 
Diesel cycle it paid to add heat at a greater 
efficiency than 59 per cent., below which further 
addition of heat lowered the total. The dual 
combustion cycle would thus have a slightly higher 
efficiency for a smaller compression ratio, the ex- 
pansion ratio being the same as before. The 
speaker agreed with Mr. Petter that, in criticising 
any ‘cycle, the entropy diagram was necessary, 
to show what the engine was doing. The entropy 
diagram disclosed the fact, not otherwise readily 
perceived, that in a Diesel engine as much as 10 per 
cent. of the entire heat was added at constant 
volume and the remainder at constant pressure ; 
that, therefore, the Diesel cycle was not a constant 
volume cycle, but a sort of dual combustion cycle. 

Taking relative units, the Diesel cycle, with T as 
the temperature at end of compression, would take 
0:408 T units of heat and the constant volume 
cycle 0-119 T units. taking Dr. Walker’s figures 
for a= 1°7,p = 2andv= 13. The dual combus- 
tion cycle would take the sum, i.e., 0°527 T. The 
foregoing figures assumed constant specific heat. 
If the temperature of an ordinary Diesel cycle was 
2,000 deg. C. (assuming constant specific heat) 
the dual combustion cycle would theoretically 
have a top temperature of over 3,000 deg. C. Of 
course, these temperatures can only be taken as 
relative. The higher temperature, in the case of 
the dual combustion cycle, would certainly lead to 
difficulties, mainly in the cooling of the piston and 
valves—the great difficulty in aero engine design. 





With large sizes of engine it would be hopeless to 
raise the temperature in this manner unless water 
were injected—or something like that was done ; 
this would introduce other troubles. Dr. Walker 





gave an example of the constant volume cycle with 
a sloping combustion line, and, according to his 
analysis, the cycle would have a greater efficiency 
than that of the constant volume cycle. The 
speaker’s experience showed the contrary; the 
more rapid the heat addition (even up to detonation) 
the greater the indicated efficiency, the reason being 
associated with the cooling, neglected in Dr. Walker’s 
analysis. 

Mr. A. E. L. Chorlton said classification of internal- 
combustion engines presented great difficulties, 
and he had hoped that Dr. Walker would have been 
more specific in dividing the various cycles, &c. 
Practically, the author had dealt with nomen- 
clature under only three heads. He had em- 
phasised the advantages of extended combustion, 
in which, however, there was really not very much. 
Personally, he saw greater advantage in the longer 
expansion stroke. This matter had been dealt 
with by Mr. Ricardo in his paper before the Royal 
Aeronautical Society, read the previous evening. 
Dr. Walker’s best example was the Humphrey 
pump, which had a 3:1 expansion stroke. In 
the aero engine it was desirable to vary the stroke 
so as to provide a long suction stroke when leaving 
the ground—the largest amount of mixture being 
drawn in—followed by a short expansion stroke, 
while, in the air, the reverse was aimed at, namely, 
a short suction stroke and long expansion stroke. 
The question of the dual combustion engine was 
very important. The hot-bulb engine could 
not be described as a dual cycle engine. The 
diagram showed heat added at the end of the 
compression stroke, but in the case of any uncooled 
surface heat was being added all the time. It 
seemed, therefore, that the Blackstone engine, 
mentioned in the paper, was the only applicable 
type, the heat being put in right at the end of the 
compression. 

The Sabathe, De La Vergne and the Trinkler- 
Kértung, had also been mentioned, and the 
speaker would ask why these engines, all of 
foreign origin, had been named, suggesting that 


|nothing was being done in this country. Were 


they strictly of the dual-combustion type? The 
Trinkler-Kérting had a sort of self-created air 
injection at the end of the stroke, and was, he 
believed, a Diesel engine. With regard to the 
sloping admission line, this, after all, was really 
ignition, and was a favourite way of working an 
engine when used with an exhaust boiler. To 
that extent Dr. Walker was correct, and better 
results were obtained in the case of an exhaust 
boiler. He was disappointed with the author’s 
observations on regeneration, and thought it should 
have been treated as a theoretical and mathe- 
matical proposition, as the author had treated the 
dual combustion cycle. In one way or another 
more than half the heat was leaving the engine, 
and a theoretical investigation was most likely to 
reveal some method of utilising it. The admission 
of steam to the cylinder was questionable practice, 
and he doubted whether the return suggested would 
be obtained from the turbine. Referring to the 
Rateau turbine, used for super-charging, two 
fluids in an engine would set up certain difficulties. 
Finally, he would ask if the author could not give 
an analysis of an engine which was a combination 
of a hot air engine and an internal-combustion 
engine. 

Mr. F. L. C. Martineau alluded to the chart, 
Fig. 11, which however, like the Mollier diagram, 
facilitated error in tracing the points across it, 
vertically or horizontally ; it could better be applied 
by conversion into an alignment diagram. The 
Mollier diagram had been so converted, and was 
more useful, because of direct reading; all figures 
could be interpolated without risk of going wrong 
in direction. On the subject of regeneration he 
thought Dr. Walker’s example were unfortunate, as 
they showed that by injecting water the combustion 
efficiency was decreased. Whatever the form of 
regenerator used it should not reduce the original 
efficiency of the engine on the combustion cycle. 
What was then gained would be only a percentage 
of a larger loss. The figures of typical results 
showed an actual loss of 3 per cent. brake horse- 
power 33 per cent. to 30 per cent.—while the pro- 
blematical gain was only 8 per cent. The Still 
cycle, referred to in the paper, not only gave the 








properties due to converting heat into steam, but 
also put the combustion cylinder into such a con- 
dition that there was an actual gain, and not a loss, 
on the combustion cycle; this was due to the 
constant and uniform temperature of the cylinder 
itself. That was the important feature of it. Not 
only was there gain from regeneration, but from 
the cylinder, for the reason that the amount of heat 
transmitted from the combustion cylinder to the 
jacket was a much smaller percentage than in a 
normal engine. As a matter of fact, it was only 
about 10 per cent. of the heat. 

Mr. W. A. Tookey gathered, from the paper and 
the diagrams exhibited, that Dr. Walker expected 
to maintain in an engine a mean effective pressure 
from anything up to 200 lb. per square inch, at 
which the speaker’s imagination boggled. Such 
an engine was more than could be hoped for. He 
should much like to think it possible, as until such 
mean effective pressures could be obtained, there 
was little hope of extending the application of 
internal-combustion engines in such confined places 
as were inevitable with marine propulsion. Dr. 
Walker had not considered how much depended 
upon the fuel available for use in the internal- 
combustion engine. It was possible to do with 
gas what could not be done with oil, and vice versa. 
The fuel used would have to be taken account of 
in the system of classification under consideration 
by the committee of which Mr. Chorlton and he 
were members. 

He had been disappointed to find that even in 
the case of such a school as the Manchester School 
of Technology, there were professors who held 
a favourable view of water injection into the cylin- 
ders of internal-combustion engines. The chart 
which Dr. Walker had drawn up conformed to a 
method adopted by the speaker, and dealt with 
in the paper he had read before the Institution in 
1914, for computing the compression ratio. The paper 
stated, however, that “ the indicated mean effective 
pressure of the engine, which was evidently in bad 
tune when Mr. Tookey first tested it, was subse- 
quently raised to 96 lb. per square inch, a decided 
improvement over its original value, but not so 
good as would appear to be obtainable in a well- 
designed engine.” That was not then known; 
they had not the advantage of Dr. Walker’s paper 
in 1914. He would have been surprised to find 
any mean pressure over 100 lb., and even would 
have taken steps to reduce it. Any mean pressure 
in the internal-combustion engine which exceeded 
95 lb.—certainly 100 lb.—was unsafe at the present 
time. Dr. Walker might be right, and the engine 
might have reached the figure given, but he, the 
speaker, would have endeavoured to get the efficiency 
with a safer mixture. 

Mr. L. St. L. Pendred, referred to the interesting 
comparison made by Dr. Walker between the 
uniflow engine and a gas engine, showing a curious 
resemblance between the two engines, in that the 
efficiency increased as the compression went up. 
He could not think there was any real physical 
basis for that, but it was a remarkable coincidence, 
and he hoped the matter would be followed up. 
Frequent reference had been made in the paper, 
and the discussion to “constant pressure,” and 
** constant volume ” cycles, and, apparently, neither, 
expression was a correct definition. One of the 
subjects that might come before the Nomenclature 
Committee was whether terms which did not ac- 
curately describe a cycle should be retained. 

The President referred to the use of the theta- 
phi diagram. With a certain condition of mixture 
a cycle was plainly shown on this diagram and 
the efficiency of the cycle was the ratio of the 
area bounded by the two verticals and two curves, 
to the area bounded by the two verticals, the 
combustion curve and the base line, or the total 
amount of heat produced within the cylinder 
walls. If the compression ratio were changed for 
a greater one it was necessary to find a point at 
which the new area for work done was the same as 
before. The work produced in the cylinder was the 
same, but the area which represented it was much 
greater in proportion than that representing the 
total heat produced in the cylinder, and, therefore, 
the latter cycle with a higher compression ratio 
was obviously more efficient than the first one ; 
therefore as compression increased greater effi- 
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ciency was attained. That was true, whether 
there was constant pressure combustion, or whether 
the specific heat varied with temperature. The 
cause of the greater efficiency with increased 
pressure in the case of the uniflow engine was, 
he thought, that the cylinder walls were warmer 
and there was less initial condensation. 

Dr. W. J. Walker then replied to the discus- 
sion. With regard to the division of the diagram 
into eighths (Fig. 11) instead of tenths, for the last 
two years his students had drawn up diagrams 
and had adopted tenths. He had submitted the 
actual original diagram for publication, and the 
division was ruled by the paper available at the 
time. As to the similarity between Mr. Wimperis’ 
formula for the efficiency of the cycle and his own, 
he would say that the one could be directly trans- 
lated and represented in terms of the other; both 
were exactly identical. He had, however, obtained 
his formula in quite a different way. Mr. Petter 
took exception to his criticism of the term “ semi- 
Diesel.” The Petter engine, and several others 
of the type, did not give constant-pressure combus- 
tion ; he had looked in vain for the constant-pres- 
sure line in any of the diagrams he had available. 
In the case of the Blackstone, the constant-pressure 
line was very distinct, as was also the differentiation 
between the constant-volume combustion process 
and the constant-pressure combustion process, 
a sharp angle signifying change from constant- 
volume to constant-pressure combustion. With 
regard to the Sabathé, De La Vergne and Trinkler- 
KG6rting cycles, his reason for referring to these 
was that he took the Blackstone as the typical 
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English engine, the Sabathé as the typical French, 
the De La Vergne as the typical American, and the 
Trinkler-Kérting as the typical German. The 
last-named had not had much development, but 
the diagram in the paper, and that which he had 
exhibited, distinctly showed the two stages of com- 
bustion. He had stated that the engines were 
operated approximately on the dual combustion 
principle—as far as could be judged from published 
diagrams. He had been completely satisfied with 
the pressure-volume, temperature and energy 
quantities. He would not say that the entropy 
function was of no use, but in general design and 
other work it was not invariably required. 

The practicability of the cycle had also been 
referred to. The dual combustion gave increased 
efficiency at a lower compression ratio. His favour- 
able opinion of the dual combustion cycle was based 
entirely on the fact that with it the compression 
ratios could be reduced, so diminishing mechanical 
losses, in itself an advantage. He agreed that, the 
temperatures were higher. That point was raised 
in the paper, and, as shown, in the comparison, 
the maximum efficiency curve was obtained. With 
regard to the sloping combustion line, his ex- 
perience, even with slow-speed gas engine work, 
was opposed to that of Mr. Stern; a slight slope 
from the vertical line gave higher efficiency. There 
was, perhaps, little in it, but the engine ran better 
mechanically and gave a higher over-all efficiency. 
He did not suppose it gave a higher indicated effi- 
ciency. There was, of course, a limit, which from 
his tests, he made out to be the ratio of volume 
V, to V. equal to 1°2. Anything beyond that, 





of course, further diminished efficiency. In relation 
to the classification suggested, he would say that 
he had merely submitted it tentatively, as possibly, 
clearing the ground. It was his own classification, 
used by him when lecturing to students. He was 
continually asked why the term “ semi-Diesel ” 
was used, but could give no satisfactory reason. 
These terms were opposed to scientific definition. 
Mr. Chorlton had/also alluded to water injection. It 
was needful to make assumptions when treating of 
water injection, but it was impracticable to say 
whether they were justified or not. Mr. Chorlton 
laid emphasis upon the two-fluid aspect of the 
matter. Of course, the gas from an engine, even 
without water injection, consisted of several fluids ; 
CO,., steam, nitrogen and so on, were already in the 
gas, and the addition of steam did not make much 
difference. 

Mr. Chorlton here observed that the question was 
one of the proportion of steam, but he had not 
really raised that point. What he had asked the 
author to do, if he could, was to treat mathematically 
a combination between an ordinary internal-com- 
bustion engine and an ordinary hot-air engine. 

Continuing, Dr. Walker said that the curves of 
the uniflow engine were obtained from theoretical 
conclusions, not from practical data, and therefore 
the point raised by the President, as to higher 
efficiency in the case of the uniflow engine, being 
due to diminished condensation would not hold ; 
the curves were deduced from the cycle of the 
engine, in which cycle superheated steam was used, 
this corresponding closely to a gas. 

The President then stated that the paper would 
be further discussed on the 23rd inst. (yesterday) 
at the Engineers’ Club, Manchester; and that an 
informal meeting would be held at the Institution 
on Friday, January 14, 1921, to discuss “‘ Road 
Transport Machines and Roads.” The subject 
would be introduced by Mr. 8. G. Williams. He 
also stated that the next general meeting would 
take place on Friday, January 21, 1921, when a 
paper on “The Mechanical Loading of Ships” 
would be read by Mr. H. J. Smith. 





Wrre Rorxs ror Sours Arrica.—lIt is understood, 
says The South African Mining and Engineering Journal, 
that the Rand is shortly to have its own wire rope 
manufacturing works, and that a well-known agent 
and importer of this essential commodity has resigned 
his connection with the British manufacturers, and has 
acquired the shops of a large mine recently closed down 
in the Germiston district, with the object of turning 
them into a wire rope works. Wire ropes to the value 
of 282,8971. were imported last year. The finest steel 
wire will, of course, be imported, and highly skilled 
labour will also have to be brought from oversea. It is 
thought in some quarters, that the mines will encourage 
the project in eslee to counteract the efforts made by 
British manufacturers to eliminate competition in this 
line and to form something said to approach closely 
toa “ring.” 





Dirrusion tx Liguip Leap.—From the rate of 
diffusion of —— through a liquid medium con- 
clusions can drawn as to the size of the particles. 
In ordinary diffusion, however, there is a possibility of a 
reaction between the particles (or solute) and the medium 
(or solvent) through which they move. Hence Maxwell 
suggested that diffusion experiments should be con- 
ducted under conditions such that particles and medium 
were of the same material. For that purpose an attempt 
should be made to mark certain particles, without 
affecting their properties, so as to be able to trace their 
movements. In the case of fused lead G. von Hevesy 
and J. Groh have done this at {-_ with the 
aid of the radioactive isotopes of lead (Zeitschrift fiir 
Elektrochemie, September 1). That the masses of the 
isotypes are not the same shouli not make any 
difference. They took a rod of lead, 3 om. long 
and fused it in an evacuated glass tube; on the top 
of the liquid column they poured 1 om. of radioactive 
lead (from thorium B or radium D). 
rod, now 4 cm. long, was placed in an electric 
furnace and heated for two days up to 343 deg. C., é.¢., 
20 deg. above the melting-point of lead, The cold solid 
rod was then cut into four equal cylinders; the pieces 
were rolled out and tested for radioactivity. The dis- 
tribution of the radioactive lead in the fused ordinary 
lead was thus determined. The diffusion rate observed 
was 2-29 cub. om. per day, at 343 deg.C. The diffusion 
constant of the lead-ion in aqueous solution is about 
0-68 cub. cm. per day at 18 deg. C. The comparison 
between the two figures is difficult, because diffusion 
is assumed to be proportional to the absolute temperature 
and inversely proportional to the viscosity. he vis- 
cosity relations are not known; the lead ion, moreover, 
probably travels with a water envelope, and one cannot 
say whether the particles of fused lead are atoms or 
molecules. But it would appear that the fused lead 
atom diffuses in lead about three times as fast as the 
lead ion moves in water, and the research is interesting. 
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HIGH-PRESSURE AIR AND GAS 
COMPRESSORS. 
(Concluded from page 802.) 

In our article of last week we referred briefly to a 
4,500-Ib. compressor built by Messrs. Brotherhood. 
A general view of this very high-pressure machine 
is given in Fig. 13 on page 829, while sectional views 
showing its detailed arrangements are given in Figs. 
15 to 17, on page 831. It need hardly be said that the 
necessities for sound mechanical construction and 
careful design, particularly of valves and packings, 
which exist in reference to the 2,250-lb. compressor 
described last week, apply with even greater force to 
the 4,500-lb. machine with which we are now con- 
cerned. The compressor was built to the order of 
the Admiralty for the Naval Experimental Station 


acting. For the first five stages the cylinders are 
made of cast bronze, while for the sixth stage the cylin- 
der and valve chest are machined from a solid steel 
forging. The plungers of the last four stages are 
made from heat-treated chromium steel. As in the 
2,250 |b. machine, all plunger packings are of the 
metallic type, while the packing boxes are made 
separately and screwed on to the cylinder barrels, 
so that by utilising a spare box already packed a 
renewal, when necessary, may be effected with mini- 
mum loss of time. The single-acting plungers are 
arranged so that they may be withdrawn, after dis- 
connecting the cotter joint, without disturbing any 
other parts. The type of self-sealing joint ring 
referred to in connection wit the other compressor 
is also employed for this machine. This joint, as 
already explained, does not depend for its tightness 





poppet type. An enlarged view of the valves of the 
first three stages is given in Fig. 17. The under part 
of the compressor follows the firm’s high-speed engine 
construction. Forced lubrication is arranged for and 
the oil strainer is duplicated, each strainer being 
attached to a sliding frame so that either strainer 
can be removed for examination while the set is 
running. ie 

The preliminary and official trials of the compressor 
were successfully carried out at Messrs. Brotherhood’s 
works. In the absence of the Diesel engine, which had 
been forwarded direct to Stokes Bay by the makers, 
the compressor was driven by an enclosed steam engine. 
Copies of the indicator cards from both the compressor 
and the engine are given in Fig. 14 herewith. The 
pressures registered by the gauges under full load were 
20 Ib., 90 Ib., 225 Ib., 650 Ib., 1,720 lb. and 4,600 lb. 





S/X STAGE, THREE CRANK, HIGH PRESSURE AIR COMPRESSOR. 


Fig.t4. 


187 STAGE (DOUBLE ACTING) 


DATE. 10-5-20. 






2"° STAGE. (DOUBLE ACTING.) 
Gauge Pressure~ 90Lbs. per Sq. Inch. 





MACHINE N° IS361.A. 










Area 1-42 Sq.Inch. 
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at Stokes Bay. It was designed to deliver 60 cub. ft.) on the stress put on the securing bolts of the covers,| per square inch in the respective stages. These 


of air per hour at a pressure of 4,500 lb. per square 
inch., when running at 250 r.p.m. When tested the 
compressor gave an actual output of 62-8 cub. ft. 
per hour, thus showing a satisfactory margin over the 
quantity specified. In addition to this machine, 
Messrs. Brotherhood also supplied three two-crank 
five-stage machines for the same station, for com- 
pressing air to 3,000 Ib. to 3,50 Ib. per square inch. 
These machines are generally of similar construction 
to the one we illustrate. All the compressors are 
driven by direct-coupled Diesel engines and the four 
sets, together with their air reservoirs and accessories, 
which are arranged in a specially constructed building, 
form a probably unique high-pressure air-compressing 
plant. 

The arrangement and details of the 4,500-lb. com- 
pressor are well shown in Figs. 15 and 16. In its 
general lines it follows the 2,250-lb. machine illus- 
tated in our previous article. As will be seen from 
Fig. 15 the cylinders are arranged in line two stages 
to each crank and crosshead. The first and second 





stages are double-acting, the remainder being single- 


so that no heavy screwing-down work is neceassry 
even for the highest pressures. 

The arrangements of the intercoolers of the machine 
will be followed from Figs. 15 and 16. They are all 
submerged in a tank which surrounds the cylinders 
and through which water is continually circulated. 
This water flow bathes the outsides of the six cylinders 
and valve chests as will be clear from the figures. 
Water is also injected into the compressed air circuit 
to facilitate cooling and to lubricate the plungers. 
Oil is not necessary for this latter purpose and is not 
used in cases where traces of lubricant in the discharge 
would be objectionable. From the cooler of the 
sixth stage the compressed air passes through a steel 
separator bottle fixed in a vertical position and shown 
to the right-hand side of Fig. 15. In this bottle the 
injected water is deposited and drained away, the air 
being finally discharged to the storage reservoirs. 
In other particulars the compressor follows the one 
described earlier, the valves for the first three stages 
being of Messrs. Brotherhood’s “ Mesta” light plate 





type and for the remaining stages of the spring-loaded 


figures correspond very Closely to those obtained 
theoretically by assuming an equal ratio of compression 
in each stage. The total indicated horse-power of the 
air compressor taken from the indicated cards was 
150 and that of the engine 196. These figures show an 
overall efficiency of 76 per cent., which may be regarded 
as a very creditable performance. In conclusion, 
and in connection with Fig. 14, it should be pointed 
out that the engine used for testing purposes was 
designed for condensing conditions, but that during 
the trials it was exhausting to atmosphere. This 
accounts for the uneven distribution of power in the 
high-pressure and low-pressure steam cylinders. 





Jomnt Raitway Manacement.—Mr. Arthur Watson, 
C.B.E., General Manager of the Lancashire and Yorkshire 
Railway has been appointed to the London and North 
Western Railway to follow Sir Thomas Williams when 
the latter retires shortly. Mr. Watson will retain his 

ition on his present line, and the two will be managed 
jointly, by the agreement of both boards. 
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INDUSTRIAL NOTES. 


Iw their trade review for the current year, Messrs. 
Bolling and Lowe, Limited, state that for the last 
six months anxious and worrying times have had to 
be faced, such as the trade not experienced at any 
previous period in its h . To some extent this 
unsatisfactory condition of irs has been caused by 
violent fluctuations in rates of exchange, difficulties 
in financing overseas trade, and to the attitude of 
labour in extgrting higher and higher wages which 
might possibly have been borne by the manufacturer 
and other employers, had the workman played the 
game and done a good day’s work for a good day’s 
pay, instead of, in many industries, doing as little as 
possible. It should be borne in mind, however, that 
in Russia and some other countries trade has ceased, 
this accounting for the loss of a considerable portion 
of the world’s outlet of finished material. In Belgium, 
France, and, more recently, Germany, competition 
to secure business has been so keen that wholesale 
reductions of prices for gemi-finished and finished steel 
have resulted; in fact, during the last few months 
reductions of from 5l. to 12/. per ton have been made, 
according to the class of material. There are signs of 
a halt in some directions, but in others this cut-throat 
policy continues, and if it is prolonged for any con- 
siderable period it will result in the survival of the 
fittest. 


— — 


Mr, A. J. Hobson, Sheffield, president of the Asso- 
ciated Chambers of Commerce, is reported to have 
stated in the course of a speech he made in Newcastle 
on Friday the 3rd inst., that “‘ we were to find coal 
for France, but they (France) were now re-selling to 
Germany, at a handsome profit, the compensation 
coal they received from that country.” e found 
this rumour to be prevalent in other industrial quarters 
in Sheffield at the time of a visit he paid to that city 
a few weeks ago. It being so opposed to our own 
information, we decided to write to France for con- 
firmation, The Central Bureau, to whom we applied, 
state that not only have they never heard of any 
re-selling back of coal to Germany, but such an opera- 
tion appears, on the face of it, so very unlikely that 
they do not understand how the rumour can have 
arisen. Our informants a? “You know that, 
owing to the destruction by Germany of a large 
number of our northern collieries, France has not 
sufficient coal, and the Spa agreement compels France 
to pay for the compensation coal to Germany at the high 
price of British coal, a condition which, we may add, 
was accepted by France only following upon the in- 
sistence of the British representative. You will 
easily understand that there can be no question of 
France re-selling to Germany the German coal which 
France needs; moreover, it is difficult to see what 
advantage Germany could find in purchasing back 
coal at a considerably higher price than the one at 
which she produces it. We are unaware of the origin 
of such rumours, but we know that Germany is 
endeavouring to spread broadcast the impression that 
France has too much coal, so as to evade the renewal 
of the Spa agreement, and we are glad to have had the 
opportunity of calling your attention to the drift of 
this manwuvre on Germany’s part.” 

A Glasgow correspondent writes to The Birmingham 
Post stating that a German engineering firm has 
obtained the contract for 40 sets of engines for a British 
Dominion. Some of the best British engineering firms 
were invited to compete, but the best bome price 
was 680,0001, against the German price of 400,000I. 
Moreover the German firm offered s y delivery, 
whereas home engineers said they could not guarantee 
delivery owing to labour conditions. This is one of the 
most important engineering contracts wrested from 
this country by the Germans since the armistice. 








With reference to the claims of the tramwaymen for 
an increase in wages, Sir William Clegg, chairman of the 
Shefticld City Council Tramways and Bosore Committee, 
has stated that the total amount, paid as wages in the 
Tramways Department in the first week of December, 
1914, was 2,7791. 108. 9d.; the total amount for the 
corresponding week in 1920 was 9,976l. 2s. 4d. For 
every 20s. now collected in fares, the Tramways 
Department paid no less than 10s. 2d. in wages, or over 
50 per cent. of its income. 





It is reported that the members of the Amalgamated 
Carp>nters, Cabinetmakers, and Joiners’ Society, the 
General Union of Carpenters and Joiners’ Society, the 
General Union of Braziers and Sheet Metal Workers, 
the Boilermakers and Iron and Steel Shipbuilders, the 
Shipwrights’, Associated Blacksmiths a Ironworkers 
and the National Amalgamated Sheet Metal Workers 
and Braziers’ Societies are to vote upon a proposed 
working agreement for these unions to be known as 





“The General Combination of Ship-constructional and 


oe mrrer Workers.” 

objects of the linking-up of these societies are 
“to uphold the rights of combination of our labour ; 
to consolidate the unions concerned for mutual pro- 
tection, and to raise funds for this purpose ; to adjust 
the demarcation of work between the trades concerned, 
and to improve the general position and status of the 
members of the combination.” The votes of the 
branches have to reach the acting secretary, Mr. John 
Hill (United Society of Boilermakers and Iron and 
Steel Shipbuilders), by February next. 





Lieut.-Col. F. V. Willey, M.P. (Bradford), speaking 
last week at Low Moor, said that increases in wages 
were the greatest contributing factor to high cost of 
living. In many industries, if the raw material were 
given for nothing, the present cost of production of 
the finished article would be much above pre-war 
prices. Unless the cost of transport and conversion 
were reduced, prices would not come down. i 


could be effected by increased energy. on the part of 


every worker. If energy were increased 50 per cent. 
in every industry in the country as a whole, produc- 
tion would be eheapened without an increase of hours 
or a reduction of wages. This also applied to transport, 
both land and marine. The increases in rates and 
freights as against pre-war figures formed a formidable 
item in the percentage cost of any article as the selling 
price of the article fell. It was up to every man and 
woman who had a job to work harder and see that the 
task performed cost less. Adverse exchanges and 
harder work were assisting Continental countries to 
compete with us. 





The National Executive of the Labour Party are 
reported to have adopted a resolution urging that the 
following scheme for the maintenance of unemployed 
workers be put in operation as an emergency measure:— 

1. A person for whom no work is available at the 
Employment Exchanges to be entitled to mainten- 
ance. 

2. The rate of maintenance (including other benefits) 
to be at least 40s. per week for each man and 25s. 
per week for each woman, with additional allowances 
for dependents. 

3. Until better provision for the unemployed is 
made under a new or an amended Act, the scheme 
to be directly provided for by the Government. 





In the course of a written Parliamentary reply last 
week, Dr. Macnamara stated that unemployment was 
increasing. The number of men and boys unemployed 
on the live registers of the Employment Exchanges on 
December 3 was. 412,297, and of women and girls 
132,145. 


It is reported that the claim for an increase of 6d. 
an hour for time workers and an equivalent increase 
for pieceworkers employed in the shipyards and engin- 
eering establishments of the United Kingdom, to 
which we referred in former issues, was further con- 
sidered at a joint conference between representatives 
of the National Federation of Engineering and Ship- 
building Trades and the Engineering and National 
Employers’ Federation, held on the 16th inst., in 
London. Sir Alan Smith, M.P., presided, and after pro- 
longed discussion, it was agreed to adjourn the matter 
for six months, a proposal being put forward for a 
joint committee in the meantime to consider the ad- 
justment of wages on the basis of fluctuations in 








Speaking on the 15th inst., at the thirtieth ordinary 
general meeting of Messrs. Dorman, Lang and Co., 
Limited, Sir Arthur J. Dorman, K.B.E., said: “‘ We 
have benefited—both employers and employed—by 
the tonnage or output system of payment by results, 
which, together with the sliding scale based on the 
selling price of the finished material, has been in opera- 
tion in the producing departments for many years. 
T am glad to say that during the year we have been 
able to extend this principle to a large proportion of 
the craftsmen engaged in our engineering departments 
on the maintenance and upkeep of our plant, so that 
the number of our men who have now a direct interest 
in output is considerably increased. I believe that the 
additional benefit to the men will result in greater 
output and efficiency. The system of payment by 
results is equitable both to the employer and employed. 
On the one hand it enables the worker to get higher 
earnings for his labour, while on the other hand it 
reduces the cost of production by ensuring that costly 
plants are worked to their full capacity. I feel sure 
that if it were extended to other trades it would go a 
long way towards solving the many difficult probleme 
with which the country is now confronted. . . .” 





We read in The Iron Age, New York, that American 
shipyards were building or under contract to build 





for private shipowners, on November 1, 334 steel 
vessels of 1,206,486 gross tons, compared with 330 
vessels of 1,236,327 gross tons on October 1. These 
figures, which are those of the Bureau of Navigation of 
the Department of Commerce, do not include Govern- 
ment ships or ships building or contracted for by the 
Shipping Board. 

Since our statement on page 802 ante, the electricity 
undertakings of the East Midlands, which were standing 
out from the new schedule of wages and conditions for 
technical, supervisory and executive engineers, have 
fallen into line with other municipalities and companies, 
and the dispute which had arisen is settled so far as 
they are concerned. The local authorities of Hackney, 
Hornsey, Finchley and Ilford have not yet 
the scale. Action in regard to these four electricit; 
undertakings has been postponed until the 30th 
inst. 

On the 16th inst., a deputation, introduced by 
Mr. J. R. Clynes, M.P., waited on the Minister of 
Labour, Dr Macnamara, and made the following sug- 
gestions having reference to unemployment :— 

1. Insurance is no remedy for unemployment. 

2. Provision of useful work in Government establish- 
ments, 

3. Grants to distress committees to finance local 
schemes for providing work. 

4. Out-of-work donation for every unemployed per- 
son not covered by unemployment insurance. 

5. Provision to be made for persons coming under 
the Unemployed Insurance Act, but not qualified by 
contributions to receive benefit. 

These suggestions were discussed at the interview, 
Dr. Macnamara stating, among other points, that the 
danger of the “ useful work in Government establish- 
ments”? was that Government might thus provide 
one man with a livelihood at the expense of another 
employed elsewhere. This, we may add, has frequently 
been recognised and energetically combated by trade 
unions themselves. Dr. Macnamara also called the 
attention of the deputation to the road making and 
repairing schemes and to the plans prepared for draft- 
ing unemployed into the building trade. In regard to 
the absorption proposed by the Government, of 50,000 
unemployed ex-service men in the building trades, the 
National Federation of Building Trade Operatives, have, 
so far, been against it. 

Mr. Clynes dealt with the subject in a speech at 
Batley, last Saturday, and complained that none of the 
five suggestions was fourd acceptable. The remedy of 
the Government, he added, seems to be to do nothing 
at all and to wait for something to turn up, in the 
belief that things will right themselves, We do not 
agree with this contention of his; to our mind, the 
difficulty lies for a very great part with the trade 
unions, and if these were to agree to pull together 
whole-heartedly with the Government, the situation 
would improve rapidly, for there is an enormous 
amount of work waiting to be done. 





A Bill introduced by Dr. Macnamara for dealing 
with unemployment was read a second time in Parlia- 
ment last Wemdny. This is the Consolidated Fund 
(Appropriation) No. 2 Bill. It offers to the Building 
Trade Unions, on their agreeing to absorb and train 
50,000 ex-Service men, a bounty of 51. per man. The 
Bill makes provision for lost time by reason of bad 
weather. Dr. Macnamara also announced that the 
Government had decided to appoint a Committee 
under the chairmanship of Lord St. Davids, at whose 

i Parliament would be asked to place the sum of 
3,000,000/. for assisting local authorities in carrying 
out approved schemes of useful work other than the 
work on roads and building schemes. In this connec- 
tion preference of employment would be given to 
unemployed ex-Service men. He, further, brought in 
the Unemployment Insurance (Temporary Provisions 
Amendment) Bill, to amend Section 44 of the Unem- 
ployment Insurance Act, 1920. 

Speaking on the Bill, Mr. Lloyd George stated that 
the Government’s building scheme was held up for 
the want of workmen. They had done their best to 
secure the admission into the building trade of men 
to supply the existing deficiency in labour, but so far 
had failed. As a million houses were required there 
was no reason for the trade unions to fear unemploy- 
ment. Considering that there were 500,000 men out 
of work, 250,000 of whom had risked their lives for 
the country in the war, the attitude taken up by the 
trade unions was not far from cruel. 





The daily Press report that the workers in United 
States mines, mills and factories have agreed, as from 
January 1, to work for an average of 25 per cent. less 
wages, to put in nine or ten hours daily, and to abandon 
the old scale of time and a-half for overtime, and in 
many cases to take up again the method of piecework. 
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“TIDAL POWER DEVELOPMENT.” | 
= To THe Eprror'or ENGINEERING. 

Sm,—I have read with much interest ‘Professor 
Gibson’s article on “Tidal |Power” in your issue of 
December 10. I find myself, however, at issue with Pro- 
fessor Gibson in respect to his statement: ‘For a 
given total basin area and a given tidal] range, the out- 
put is only about one-half that obtained in system (a).” 
This comparison is made between “ the half-tide system”’ 
and “ the sump system.”’ 

If one assumes a “straight-line graph” for the tide 
curve, the most efficient value for the fall of water in the 
working basin in the ‘“‘sump” system (basin and sump 
of po | capacity) is half of the tidal range. Therefore 
the total power available 

) = 18-75R2 
this horse-power being expressed as average continuous 
horse-power. 

The power output of the “half-tide” system is 75R2 
horse-power during three hours out of every twelve, or 
18-75R2 continuous horse-power. That is to say the 
power output of the systems is identical. 

Even if the two systems be assessed from the sine 
curve this ratio will be approximately the same. I, 
therefore, am unable to understand Professor Gibson’s 
power output ratio for the two systems of 2 to 1 in 
favour of the half-tide system. 

I have no doubt that Professor Gibson and myself are 
really at one in this matter; but there is at least an 
apparent difierence of opinion between us, and J should 
be grateful if Professor Gibson will explain to me 
wherein I have misunderstood his 

I am, Sir, your obedient servant, 
Norman Davey. 

“Conaways,” Ewell, Surrey. 

{A proof of the above letter was sent to Prof. Gibson, 
who has forwarded the following reply.—Epb. E.] 

Srr,—1 gather that Mr. Davey, in the case of a sump 
system, means, by the basin area, the area of the 
compartment, while I have used it as the w 
space occupied by both com: which would be 
available for use as the basin in the case of a simple 
half-tide system. In a given estuary the basin area 
in the latter case would be twice that in the former case, 
and although Mr. Davey states, the output per unit 
area of the upper compartment in the sump system 
would be the same as that per unit area of the basin 
in the half-tide system, the output per total area utilised 
would be roughly twice as great in the simple half-tide 
system, 

Yours faithfully, 
A. H. Grsson. 
Engineering Department, 
The Victoria University, Manchester. 





OIL FUEL IN DIESEL ENGINES. 
To THE Eprror oF ENGINEERING. 

Sir,—Having read Engineer-Commander C. J. Hawke's 
interesting paper published in EnGmvgErtnc, I was 
struck by the low value given for fuel valve gland friction. 
Surely the minimum figure of 8-5 Ib, was found with 
the gland free from pressure, al the statement 
that the gland was tight implies that it was under 

pressure, 
It would add greatly to the value of the particulars 
giventif,it were made quite clear under what conditions 
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the experiment was carried out. In practice it is usual 
to leave the glands of both fuel pump and spray valve 
finger-tight, allowing the fuel to provide the necessary 
compression of the packing. 

That this is more than sufficient is shown by the wear 
of the spray'valve and pump plunger. The state of a 
pump plunger after a fair amount of running is illustrated 
by the enclosed sketch. ‘The left-hand half shows the 
gland as packed and the nght-hand half, the not un- 
common state of the plunger after about a thousand to 
fifteen hundred hours’ running. The plunger is usually 
very highly polished where it passes through the packing 
but considerably reduced diameter. Frequently 
it has longitudinal scores, of a depth that necessitates 
t the plunger to @ diameter of 4% in. before 
its surface is made quite smooth. 





The position*taken up by the packing when under 
pressure was found by measurement of the length of the 
reduced part in conjunction with the position ofthe rod 
in the stuffing-box. 

Yours faithfully, 


G. Ure-Rer. 
16, Gainsborough Mansions, Queen’s Club-gardens, W.14, 
17 December, 192 





CHIMNEY DRAUGHT, STEAM BOILER 
PLANT. 
To THe Eprror or ENGINEERING. 
Srr,—Some remarks on page 760, December 10, on 


chimney 6, ide an illustration of the use of a 
working oe en an engineer’s pocket-book, where 


a careful would require an explanation from his 

teacher of the on which the numerical constants 

are based ; by the heedless without question, 
Ww as familiar the number of inches of 


e 
water; 1-14, quoted in suction draught, but not 
= = same t of chimney, sometimes 170 ft, or 
1 or furnace temperature, 600 deg. F. or 544 
Bourne in the “Steam Engine : Ascent of Seoketand 
Heated Air in a Chimney,” is likely to be used as an 


; and I have given the theory in my Hydro- 
Vil, 321. 
With a octet - substance, where the change of 


volume is insensible, it is usual to work with the density, 
ce re ge foot and Ib. /ft.2; but the reekon- 
nn into the specific volume (8.V.) in ft.3/ib., 


i 


ing with an expansible gas where the density 
ae Srv in the decimal ; and it is more con- 
to measure the temperature, T, from absolute 
making 


ig Fo eee of in F, Fahrenheit, 

+ 

pee 2 senate temperature of the furnace 

= 460 + Palit. of the air outside is | — 400 4-71 
if the 8.V. of the amoke inside the chimney is V, 
of the air outside is v ; then in the gas equation, 
TL 460 +F 

# 460 4+f° 

a ey the p in the Kk 
and the air is the same ; and /A feet lower down, at the 
furnace level, the pressure in the smoke will have in- 


creased by and in the air outside by a Ib. /ft.2 ; so 
v 


i 


BE sure 


y= 
v 





the pressure difference, of the draught, is h (> _ 7) 
v 


Vv 
Ib. /ft.2. This is measured in the gauge by z inches of 
water, taken of density 1,000 oz./ft., and so of 8.V. 
0-016 ft.3/lb., as a suction of ___*_____ Ib, /ft, 2; to be 
12 x 0-016 
equated to the draught, making 
z 1 1 
S an “192 (- - 7): 
h M . 
With the barometer at 30 in., and an outside tempera- 
ture of 50 deg. F.,t = 460 + 50 = 510, dry air has 8.V. 
v = 12-8 ft.3/lb., 800 times the S.V. of water, and then— 


z_ 0-192 (-) = ('-£)=5 (0-44) 





h 12-8 
In another, from the formula given in the Electricians’ 
Book. 


fae Gt) - "(7 5) 


where it should be r ded that t 
from absolute zero Fahrenheit, — 460. 
The condition T = 2¢ makes the flow of air up the 
chimney a maximum, and then 
ar k.. 
h 
the rule given in Molesworth’s Pocket Book. 
With water of this standard density, a 





= 00-0075, 





perat is reckoned | T 


833 


Or else, in the absence of conduction, a sustained smoke 
temperature of 600 deg. F. up a chimney 170 ft. high, 
with @ suction draught of only 1-14 in. of water, would 
imply a very hot day, say, about 125 deg. F. in the 
jan» A air, 


These are the questions the instructor must be pre- 
pared to explain, imported suddenly with the difficulties 
of the novice; he has to make a living in this 
ob 





Staple Inn, December 16, 1920. 
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MOTOR TAXATION. 





i 


for the motor car as you have pointed 
ilceis the poco Nwellng omy. = Li uick-revolution 
oo terests of in- 
such engines. Again, in m 
classification should not be marred by the 
of prices of fuel, but should preferably be such 

of running, at least so far as fuel cer 
F cemeun Gee ie an a , 


i 
{ 


in your , and to some 
all a, Seceithetion pow 
is stated with the pounds 
f fuel per hour, I think it will be of greater usefulness. 
Yours faithfully, 
A. Parnacorr, M.1.A.E. 
December 21, 1920. 
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AvromosILe ENGINEERS.— 
utomobile eers 


of that 
such other sum as 
time determine.” This 
deal of power in the hands of the council, 

is usual, and we are not sure 
altogether The main reason given for it. 
that it will obviate holding extraordinary general 
meetings, does not seem altogether adequate. 





Peper siiing se Tamaaage, Lighh Ratenrs and Trees, 
‘aper to Tramwa, ight and Track - 
less 'T’ ey Ue " ommanl issued by the Board 
owing to the war since the year 
by the Ministry of 

December 31, 

31, 1919, for local 
aor among other 
on tramways 

end of the financial year 
$2,842,722/., an inerease of 1,864,884/., 


year 
Sastbecl, tek the thal wari 


z 


1918-19 were 
expenditure 
































0-16 ft.5, or 276-48 in.3, against the 277-3 of the Act of se ee pooeung to 6,883,989/. 
Parliament. The slight discrepancy is due to a difference | It must be borne mind that the maintenance and 
of temperature, and also to air displacement, | renewal work undertaken during the year 1918-19 was 
because the is defined as the volume of 10 Ib, of owing to war conditions, inadequate, but in spite of this 
water at 62 F., weighed in air of a standard density | the ratio of w to receipts was 72-06 per 
against brass . cent., as 64°35 cent. in 1913-14 
These are of no practical importance |The number of car-miles run éulag 1918-19 was 9-59 
here, as they occur in the dishonest decimal of Perry.| per cent. less: than in 1913-14, but the number of 
but they worry the careful thinker, when he finds passengers carried increased by no less than 33 per cent., 
rival numbers together, for no it reason. | as shown in the following tables :— 
The use of a rule whe 2.0 ae oe 
matically these dishonest decimals. Car-Miles Run. 
A steel furnace is seen sometimes damped down, — 
with the furnace door open, and a lid let down on the 1918-19 1913-14. esnseen 
chimney top; in that case the air outside exerts an 
apparent suction on the top of the lid, calculated by the 
same formula ; the pressure of the hot gas inside exceeds Miles. Miles. Miles. Per Cent. 
the external pressure of the ~~ a Local seeiliged omm amk oehete te Face tate TD 
j i imney over an open} authori ,162, 675, 2, . 
hiodebtaeet wi eedieersran. Fo ndeenattalethomsiaies Companies | 76,215,788 | 91,704,500 | 15,488,721,| 16-80 
difference calculated in the same way. ; , 
Aeneas demain be deme ee high, Total | 820,378,876 | 354,379,672 | $4,001,296} 9-59 
with a furnace temperature F = 600,T = 1,060,¢ = 510, 
and we find z = 1-32 in., instead of 1-14 in., the number Passengers Carried. 
for a chimney less than 150 ft. high or else involving 
a liberal discount due to reduction of heat up the chimney 
walls. Or if we take z = I-14, and te the —~ 1918-19. 1913-14 Increase. 
temperature, T, of the smoke up the chi , we = 
T = 922, F = 462, a considerable drop from furnace 
tomnpereians 600, due to conduction through the walls | ; 4) Number. Number. Number. | Per Cont. 
of the chimney ; and implying @ temperature of the | ‘‘s :thorities|3,682,525,882 |2,606,750,064| 986,766,818]. 84-70 
issuing smoke of only about 115 deg. F. The thick | Companies | 925,114,196|, 729,714,128| 195,400,068| 26-78 
appearance of the chimney funnel in the modern steamer 
is due to an air casing, acting as in a thermo-flask, to Total | 4,557,640,078)3,426,479,192/ 1,191,166,886) 33.01 
reduce conduction, and so maintain the draught. : 
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HORIZONTAL MILLING MACHINE. 


CONSTRUCTED BY MESSRS. ALFRED HERBERT, LIMITED, ENGINEERS, COVENTRY. 
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Ir is a good many years since we noticed in these 
columns a notable horizontal milling machine brought 
out by Messrs. Alfred Herbert, Limited, of Coventry. 
The intervening time has naturally not been without 
its lessons, and we are now able to illustrate the latest 
example of this type of machine tool, recently put on 
the market by Messrs. Herbert. General views of 
the machine are shown in Figs, 1-4, on this page. Of 
these Fig. 1 shows the right side of the machine and 
Fig. 2 the left. The front is shown in Fig. 3, and a 
back view is given in Fig. 4, Figs. 5-8, on page 831, 
show details to which we shall refer shortly. The 
machine is known as the mxk*r’s No. 16 model, the 
one previously described bing No. 22. 

machine is of the single pulley type, the 4 in. 





View or THE Front or THs MACHINE. 

















belt pulley being mounted on ball bearings, which are 
fitted to a fi sleeve attached to the body of the 
machine. The clutch is engaged by the long lever 
extending from the top of the column towards the 
front, on the near side ig. 1. ‘The pulley runs at 
400 r.p.m, and the change box provides 16 spindle 
feeds, ranging from 16:4 r.p.m. to 427 r.p.m. 
the maximum gear ratio being 24:4 to 1. The various 
speeds are obtained by means of the two handles on 
one centre, on the side’panel of the machine (Fig. 1) in 
combination with two crank levers just below. The 
third crank lever is for the spindle reverse, A speed 
am showing all combinations is provided above the 

vers. The > dhaae in Te, 5, from which 
it will be seen,to be of the box clutch type, with large 





Fie. 4, 








Back View or THE MACHINE. 


taper nose. This enables large face cutters to be used 
and quickly centred. The nose is hardened. The 
cutters are held in position by the usual bolt ing 
right through the spindle. The feed box, placed at the 
base of the standard on the right-hand side, is driven 
by belt off the main pulley spindle. There are 18 feeds 
ranging from § in. to 22} in. per minute. They are 
all obtainable by adjustment of the dial fitted hori- 
zontal hand wheel shown above the feed box (Fig. 1). 
All gears on the machine are either heat-treated alloy, 
or of case-hardened steel, the latter having proved 
eminently satisfactory in service. The shafts are all 
of high tensile steel. i 
The transmission of the feed from the feed box is 
best seen in Fig. 1.' The drive is taken to the knee 
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by shafts and worm gearing. The gears are all enclosed 
and liberally lubricated. box on the knee, which 
moves up and down with it on the vertical feed 
spindle, contains the feed reverse, which is operated 
by a short handle in front of the machine, seen in Fig. 3, 
between the centre and right hand hand-wheels. 
wiht hand-wheels, best seen in Fig. 3, are from teft to 
ight, for the vertical hand movement of the knee, the 
cross traverse for the table, and the longitudinal tra- 
verse of the table. The knee is of complete box section, 
with long bearing surfaces on the column. It will be 
seen in Fig. 2 that these extend well above the saddle 
ways, giving a firm grip on the column on which the 
slides have an angle of 45 deg. The adjustable taper 
gibs are completely surrounded by the knee casting. 
The knee is clamped by the lever seen in 2, below 
the vertical feed wheel. Clamping is effected 
by the lengthwise movement of the taper gib by rack 
and pinion. The saddle is carried on the knee on very 
wide surfaces with a narrow guide strip, which may 
just be seen in Fig. 6, which gives a view of the saddle 
bearing for the table. The table is of the flush top 
pe and is carried in a long saddle gic, dyer 
ven by spur gears from the feed shaft. table 
rew is stationary and the length of the bronze 
more than 10 diameters of the screw. This 
i the small spur gear shown, instead of 
by the bevels frequently adopted. The nut has adjust- 


co 
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ment for wear, being made in two parts, which can be 
set away from one another along the screw. A ball 
thrust washer is fitted.+ The table slides are lubricated 
by oiling rollers as shown in Fig. 6; the slots extend- 
ing from/the roller cavities carry oil to holes running 
down to the saddle bearing on the knee below. The 
méthod of engaging’ the feed is by dropping” worm, 
used on this firm’s machines for many years, the worm 
moving 2ut of ment as soon as the feed is 
tri The vertical feed from centre of the spindle 
lin, to 20 in. The table which is 565 in. 
by 13} in., has a Jongitudinal feed of 3 in,, 
and cross traverse of 13} in., the maximum width 
from the face jof the icolumn to the arm brace 


Piz 


& 


being 27} in. 
It may be“pointed out that after the spindle speed 
and the has been set, all movements can be 


controlled from the front of the machine (Fig. 3). We 
have already indicated most of these controls, but may 
mention further that the vertical or cross traverse 
movements are obtained by the small horizontal 
tim to the left of the cross traverse hand-wheel, 
in conjunction with a selector lever to the right of the 
same wheel 3). The several motions are fitted 
with trips, w! may be seen in Figs. 1, 2, and 3. 
The movement, which is 
by hand 


screw, is, in the case of the hand motion, 
wheel and crank, the latter remaining idle when this 
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movement is being made by power, thus obviating risk 
of injury to the operator. 
+ The overhead arm is 4} in. in'diameter and is orntred 
8} in. above the centre. It is clamped in 
a by a bolt at the back end of the column, and 
the second long rig ard projecting towards the 
front of the machine. arm is very strongly braced 
to the knee, by a double clamp which is well seen in 
Figs. 1 and 3. The arm is provided with a stiff 
arbor steady.’ In’ Figs. 7 and 8 we give illustrations 
of an interesti . o— of the roller steady to 
this class of wor is steady is extremely valuable 
in cases of gang milling such as that shown, giving a 
ve: intermediate support to the long arbor which 
it is impossible to secure in any other way, where 
clearance is — small below the arbor. 
is provided with a small wiper to clean and lubricate 
the surface of the arbor revolving under the rollers. 
The work shown in Fig. 7 is the paqenins teal 
posts between two gangs of cutters, the ordinary 
su had been used between the cutters the latter 
would have had to be increased in diameter at least 
ljin. The side slot is machined in one cut, the depth 
being }4 in. and the width of the double cut 4} in., with 
rn Ta pce apr 
, of opposite spirals, positive 
on the sida tooth, thee producing a very clean finish. 
Mio shalia altho tains tov ander candbmneus 
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cascade lubrication, by pump, a mica inspection window 
above the change speed levers affording the operator 
ready means of assuring himself that the system is 
working normally. This is s2en ia Fig. Ll, The cutting 
medium is supplied to the cutters by a small belt- 
driven pump from a sump shown in Figs. 2 and 4, 
to which it ia returned from the table trough by the 
telescopic pipe shown in Fig. 2. 


by the various nations of the world; a list of the 
numerous jand stations and ‘ship stations im every 
country, with particulars concerning them; chapters 
on radio-communication and meteorology ; on different 
apparatus, patents, &c.; a large amount of useful 
data such as wireless terminology and a glossary of 
foreign terms, in French, Italian, Spanish and German, 
all of which greatly increase the scope of usefulness 
of the publication. The volume contains 1,150 pages 
of text and numerous maps, diagrams and illustrations. 





























































NOTES FROM ,SOUTH -YORKSHIRE. 

SHEFFIELD, Wednesday. 

Iron and Steel_—Stee: production has been further 
restricted to meet the general fallin the demand. Despite 
this, the downward trend of prices continues in the 
hope of attracting business to supplement order books 
very much depleted by recent cancellations. Hard 
basic billets are 2/. lower. In soft basic billets, where 
competition is greatest, quotations vary considerably, 
and are unreliable, theofficial minimum having been 
withdrawn. ‘The price of 20/. per ton mentioned by 
some makers, however, is still 51. or more per ton above 






















































The use of motor cars, cycles, lorries, even of motor|t¢the quotation for foreign material of similar quality. 

ine pe days of in ’ + a scooters and aeroplanes, is becoming so general that Makers of better quality steels have found it inadvisable 
ery e should be catering younger | hooks which give illustrated information on all the | longer to — movements in other districts, purchases 
t theiae oar her ope o— component parts of such machines, the names and| having f so considerably. Consequently, both 
of their purse, no doubt that unavoidable Gidsceses gs makers, powers, prices possible, Siemens and Bessemer acid billets have been reduced 


2i, 4 ay! ton. Siemens now stand at 25/. 10s., as compared 
with 28. 10s. in August last, and Bessemer at 26/., as 
against 28/7. 5s., which represented the highest level 
reached ing the past twelve months. Manufactured 
steel has declined proportionately. Wire rods are down 
21. to 61. per ton. ‘Alloy steel and steel alloys are also 
cheaper. Business in both is at a very low ebb. There 
is little prospect of improvement while expensive stocks 
remain. No change can be reported in the engineering 
section. Short-time employment is ample to furnish 
the production required for the comparatively few 
remaining contracts. Establishments will be closed 
anything from four to fourteen days. Competition is 
exceptionally keen in electrical machinery, for the 
manufacture of which special provision has been made 
since the Armistice. Failure to secure several big con- 
tracts offered by British users has concentrated attention 
on the need for further economy in manufacture. Rail- 
way material and rolling stock branches are moderately 
busy on English and Colonial orders. Tool makers are 
finishing the year in satisfactory circumstances. ‘The 
twelve months’ trade in pliers, pincers, saws, files and 
rasps, has been exceptionally good. 


South Yorkshire Coal Trade.—Merchants are ex- 
ceptionally ex: with a belated demand for 
eae yong 2 i Failure to place orders till the last 
few days ore the pit stoppage may result in many 
households going short. Collieries are badly hampered 
by wagon shortage, due in to weather conditions. 
‘The position in regard to small fuel has been strengthened 
by the necessity to augment reserves at pits to meet 
week-end and new year requirements. Coalowners 
complain of the damaging effect of restriction of exports. 
On the other hand, Continental buyers are questioning 
the quality of fuel sent to them, even at reduced prices. 
Manufacturing consumption, both in the cotton and steel 
industries, is much lower, but this is counterbalanced 
by the need for a ting reserves against the Christmas 
stoppage. In works are taking the whole of the 
output of gas fuels. Quotations: Best branch hand- 

icked, 37s. 2d. to 38%. 2d.; Barnsley best silkstones, 

7s. 2d. to 378. 8d.; Derbyshire best brights, 35s. 2d. 
to 36s. 2d.; Derbyshire house coal, 32s. 8d. to 33s. 2d. ; 
Derbyshire best large nuts, 32s. 8d. to 33s. 8d.; Derby- 
shire small nuts, 31s. 8d. to 32s. 8d.; Yorkshire hards, 
32s. 8d. to 338, 8d. ; Derbyshire hards, 328. 8d. to 33s. 8d. ; 
rough slacks, 28%. 2d. to 29s. 2d.; nutty, 278. 2d. to 
288, 2d.; smalls, 238, 2d. to 24s. 2d. 


also data on the legislation which governs the employ- 
ment of these comparatively new means of locomotion 
and , appeal to an ever-widening circle. 
A book of this class is ‘‘ The Motor, Marine and Aircraft 
Red Book, 1920,” compiled by Messrs. W. C. Bersey 
and A. Dorey, and issued at the price of 2ls. net, 
by the Technical Publishing Company, Limited, 
1, Gough-square, Fleet-street, E.C. 4. A special 
section deals also with marine motors, Diesel engines, 
waterways and harbours of the United Kingdom, and 
will appeal further to a large number of merchants, 
business men and yachtsmen,...Translations in each 
section into French, Italian, and Russian of 
the technical terms corre to the section are 
greatly welcome and help to make the book an inter- 
national one. 


of beginners. Although it is quite unavoidable, we 
think greater care than ever should be given now to 
making such works of real instructive vaiue, covering 
either new ground, or old ground treated in some much 
more expli¢it way than heretofore. The author of 
Repairing of Locomotives (The Locomotive Publishing 
Company, London, 3s, 6d. net), Mr. E. L. Ahrons, 
M.1.Mech.E., in his preface to this book, claims that 
he is covering new ground, but we are not altogether 
certain that his volume is going to be of the high in- 
structional value we should like. We are not disposed 
to judge too critically on what we have so far seen of 
it, however, for Part I has only yet been published, 
and this is of a somewhat preliminary nature, dealing 
with examinations, stripping and boiler defects. The 
work is to be published in five parts and will therefore 
cost 17s. 6d. complete, and we must regretfully admit 
that the first section does not promise to repay the 
expenditure of this amount to a young man training 
for his life’s work. The fact is that without going into 
an immense amount of data and detail it is not possible 
to convey in such book much more information than 
is acquired by an average man in his feeeesicehee 
and then only in a sketchy manner of comparatively 
little practical value. The few exceptional men who 
mean to get on will find methods of going much further, 
and their note books or the knowledge i 
acquired and stored away in their minds, would soon 
exceed in value, we fear, that contained in the section 
of the book before us. The school of experince is 
undoub the best in this direction, and 
we are af the author will have his task cut out to 
make anything really instructive out of his subject, 
in the manner in which it is treated in this first section, 
though it may appeal to a circle interested in, but not 
directly concerned with the practical every day work 
of repairs, 





A very great proportion of the wealth of this country 
being traceable to our coal measures, a book on coal, 
its formation, origin and distribution, on ipreapacting 
for coal, and containing a description of different 
British coalfields, is sure to to a wide circle. 
Such a book is entitled “ Great Britain,” by 
Walcot Gibson, D.Sc., F.G.8., published at the price 
of 2ls. net, by Edward Arnold, 41 and 43, idox- 
street, W. It has been compiled primarily as a general 
guide for mining engineers, mine owners and mining 
students, but it is certain also to prove both interesting 
and useful to a wide circle of British public who 
are not, directly, at all events, conce: with coal 
getting. The varieties in which coal is found, from 
that of recent formation down to anthracite, are 
reviewed and the characteristics of each are entered 
into. The remarks concerning the — which 
surround cting, concerning the guidance 
afforded Uy the fossils met with in the cores ae out 
for determining the layers encountered, give an 
excellent idea of the complications with which pros- 
pecting for coal is surrounded, The complications 
due to folds and faults are also described in detail. 
The greater part of the book is divided into separate 
chapters covering each separate coalfield of Great 
Britain, treated more especially from the geological 
standpoint. The book has beem compiled with great 
care, it is interestingly written, and clearly printed, 
and illustrated by maps, sections and views of fossils. 








In the course of a short article on page 646 ante 
dealing with the ga Republic trade, we made 
a passing remark to the fact that various public works 
schemes had been poned owing to the effects of the 
European war. We have since received a book and a 
series of 31 plans and i from the Technical 
Director, Buenos Aires, of the National Health Bureau 
of the Argentine Republic, dealing with a scheme for 
the rapid draining off of rain-water from the whole 
area occupied by the city and suburbs of Buenos Aires, 
thus preventing the inundations which frequently oceur 
in the districts which lie at a comparatively low level. 
The book is entitled “ Proyecto de Desagiies de Aguas 
Pluviales.” The scheme is a very complete one; it 
comprises the closing-in by culverts of two rivers, 
| ng gg Sy 2 tae pele Saye reper 
drains, &¢., and bridge wo or shifting existing 
pat lines. PE pnt = sent in, and the one 

a total e ure of pesos 113,978,094 was 
apes. Reinforced concrete is to be used exten- 
sively for the whole work. 


Heat TREATMENT oF Minine Darittis.—Messrs. 
Automatic and Electric Furnaces, Limited, 281 to 283, 
Gray’s Inn-toad, W.C. 1, have recently issued a smal! 
Bulletin, No. 26, on the heat treatment of mining drills. 
This’ is written by Mr. E. A. bee ms A.R.S.M., 
M.1I,M.M., and will be found a practical little pamphlet. 
The treatment of drills at mines is v often a very 

affair, in the hands often of the operators 
themselves, and a good deal of economy in expensive 
steels would result in very many cases if more attention 
were given to this matter. It is, of course, too much to 
expect that expensive apparatus should be provided 
at every small mine, but in other cases the saving and 
the improvement of the work would soon offset the cost 
of introducing method and system into this operation. 





Crysrat Patace Encineermne Sociery.—The “ Wil- 
son Premium’ for the best read before this 
Society er the past session, been awarded to 
Mr. P. R. erman, for his on ** Compressed 
Air.” The premium was handed to him by Capt. H. 
Riall Sankey, C.B., C.B.E., President of the Institution 
of Mechanical Enginecrs, on the occasion of the 144th 
certificate distribution at the Crystal Palace School of 
Practical Engineering, at which he presided on Dec. 20. 





ELecTRIFICATION OF CENTRAL OF Brazit Rattway.— 
eapoene @ cable received by the Department of 
Overseas Trade from the Co 1 tary to H.M. 
Embassy in Rio de Janeiro, Congress have authorised 
the expenditure of 60,000 contos, (at present we 
r,s tecpry ed 2,900,000/.) on the electrification of 

entral of Brazil Railway, which is owned and operated 
by the Brazilian Government. United Kin firms 
ing further particulars are recommended to 
into touch with the Commercial Secretary to H.M. 
Embassy, Rio de Janeiro. 








Ferro-Concrete Lock Gates. A paper entitled 
“‘ Special Application of Reinforced Conerete in Doeks,” 
containing an interesting account of some reinforced 
conerete tes at ‘lilbury Docks, was read before 
the Concrete jitute on Thursday, the 16th instant, 
by Mr. H. J. Deane, B.E., M.Inst.C.E., The gates, 
which are used to close the entrance from an extension 
of the main dock to a dock used in the construction 
of ferro-conerete ships, barges and other vessels, have 
a total width of 40 ft., and a height of 13 ft. 8 in. The 
sill is segmental in plan with a radius of 26 ft. 4} in. 
Each, leaf consists of a slab 34 in. thick with double 
horizontal and vertical reinforcement composed of § in. 
rods spaced 6 in, apart, and there are four horizontal 
stiffening ribs extending over the whole width, and a 
vertical rib at the centre of the leaf is introduced between 
the horizontals. The top horizontal rib was made 2 ft. 
SN Ee ee nin 
inforcement of this is composed of } in. rods with 
}.in. stirrups placed on 4 in. centres, The two horizontal 





All who are interested directly or indirectly in 
wireless tele; y will find a large amount of informa- 
tion in “7 ear Book of Wireless Telegraphy and 
Tdephony,” which is issued at the price of 108. 6d. by 
The Wireless Press, Limited, 12 and 13, Henrietta- 
street, Strand, W.C. 2. A very short chapter to be 
found at the close of the book deals with “ Amateurism 
in Wireless Telegraphy,” and states the follo : 
‘“* There can be no shadow of doubt that we owe mai 
to the amateur the rapid development of wireless 
telegraphy during the late war. Little stations, dotted 





CenrraL Hor Water Surrpry anp Heatinc.— 
The Henry Saxon Snell prize of the Royal Sanitary 
Institute was founded to encourage improvements in the 
construction, or adaptation, of sanitary appliances, and 
is awarded by the Council of the Institute at intervals 
of three years. “Next year the prize will consist of fift 
— and reser of Seaguneaioa! ae wl offe ~ 
or an essay ¢ f or a System 
Central Hot Water Supply and Heating adapted to 
Iomern, Hapeins, Scheme ong: toamening Growpn of 

” The t with include central 





; ‘ Houses, ints to. be deal ribs are 12 in. by 5 in. in section, doubly reinforced with 
about all over the country and in many cases equipped | installation, appliances for and methods of distributio i. rods and } in. stirrups on 6 in, centres, while the 
with nothing more pretentious than home-made | methods conserving heat, Vision for continu ttom rib is 12 in, wide and tapers from 64 in. to 5 in. 

tus, taught all concerned a number of very | supply during repairs, cost, and combination with other 


services for reducing expenses. Essays must not be 
longer than 5,000 words and must be delivered before 
A 31, 1921 ; but full conditions of other conditions 
to he complied with can he,obtained from the Secretary 
of the Royal Sanitary Institute, 90, Buckingham Palace- 
road, London, 8.W. 1. 


uable lessons.” ‘We are to read this tribute paid 
to the efforts made by s outsiders, and feel con- 
fident that their work will lead to still further progress 
in this particular branch of science. The book contains 
the laws and regulations on wireless telegraphy enacted 


in depth, The drawi were prepared by Messrs. 
Cristiani & Wadden, ant were Br a by the Chief 


struction of the gates, which acy pe see manne 
weeks, was on January 5 year, 
ee i hte een kab oe 
of the dock on May 1, 1919. 
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NOTES FROM CLEVELAND AND THE, 
NORTHERN ‘COUNTIES. 
MIpDLEsBROoUGH, Wednesda: 





that ing for early delivery is a matter 
ty. Extensive forward business 
at current rates, but buyers will not 
off ‘ar h been followed by 
on export of, fo ig has not iow an 
Continental ae = that commodity. To gee 
Lis 2378. 6d.; and No. 3 is 225s. Forge, 


to lower their 
figure, and still ask 225s. for these iptions. 

Hematite.—Very little news is ascertainable concerning 
East Coast hematite. Supply is parently better, 
and both makers and merchants are offering fair parcels 
for practically any delivery, but customers are shy. 
There is no inquiry from abroad. For home consumption 
No. 1 is 262s. 6d., and mixed Nos. are 2608. 

Foreign Ore.—Business in foreign ore is dead idle, 
Consumers continue to carry considerable stocks, and 
they are off the market altogether j 
outside ex-ship Tees quotation for rubio, of 50 per cent. 
quality, is 49s. 

Coke.—Local consumers of coke now that they have 
— good stocks and ee are plentiful, look for 
@ fall in prices, but, as yet they have still to pay 62s. 9d. 
at the ovens for average blast-furnace kind, and 65s, 3d. 
at the ovens for quality low in phosphorus. 


Manufactured Iron and Steel.—Transactions in manu- 
factured iron and steel are not heard of, but quotations 
are to be revised early in the new year, and this may 
lead to resumption of business to some extent. Some 
producers are closing down for a rather longer period 
than is usually taken for the Christmas holidays. Com- 
mon iron bars are 27l. 10s. ; steel ship, bridge and tank 
plates, 241. 10s.; steel ship angles, 24/.; steel boiler 
plates 311. ; steel joists, 24/.; channels and flats, 241. 5s. ; 
rounds and squares, 26/. 10s. ; soft billets, 22/.; medium 
billets, 23/.; hard billets, 24/.; heavy sections of steel 
rails, 25/.; fish-plates, 30/.; black sheets, 28/.; and, 
corrugated galvanised sheets, 30/. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scotch Steel Trade.—The depressed state which has 
—_ tly been — rt le ~ the Scotch steel trade 
shows no sign of passing off, and it is even ing more 
intense, Old pa en have the iat at iealen 
the mills going fairly steadily till now, and there is 
still quite a respectable be turned out yet, 
but forward booking is almost at a standstill. 
all round seem most determined to hold 
and only — business is being put forward. They 
are thoroughly convinced that a substantial fall. in 
prices is most probable very soon, hence their i 
out of the market at present. The demand for plates 
is Siiy ae still, but structural sections 

little business is passing. Black sheet 
have not booked much fresh business of late, and it 
remains to be seen whether or not the consumers are 
content with the amount of the recent reduction. All 
branches of the steel ind are feeling the easier 
tendency of general trade, and exporting is on a very 
small scale. 

Malleable Iron Trade.—Little change of any kind 
has taken place in the bar iron trade of Scotland over 
the week, and although works are moving along tolerably 
satisfactorily the future is not too ing. Buyers 

catching in. with longo codecs bessmas rices are 
down—rather are they going warily and booking only 
as much as will suffice for the mt, being of opinion 
that the New Year will bring with it still lower quotations. 

Scotch Pig-Iron Trade.—The ailing note in the4 
Pig-iron trade of Scotland is still the scarcity of almost 

of iron. Foundry iron is in much 
while the demand for hematite is also exceedingly 


The, total — is readily taken up by the home cus- 
tomers, and shipping is @ negligible quantity at 
the moment. the number of furnaces are 


put into blast the output will be considerably increased 
and export may receive more attention. Prices are 





NOTES FROM THE SOUTH-WEST. 


The rH 
Dense atta con Sate i the ea ae Taken 
ine sense there is no coal — 

a 


rt prices at many shillings below current market 
ues has brought new. business to an almost complete 
standstill. It is reported, however, that an important 
colliery has concluded a contract to supply 
French buyers with a 1,000,000 tons of large and 
coal over next year at- 70s. per ton f.o.b. for large, and 
50s. for smalls. The statement must, however, be 
ep i des Charbons 
decision to revise import prices for February and suc- 


im; 
Vv 


r 


| fom, 70s. for 


; 000 tons have only 
358, yolk 


fl 





ceeding months as the present schedule only applies 





837 





to January delivery. Current prices are many shillings 
ton below those of a week ago! They rm 4 irregular 
and entirely dependent on the individual circumstances 
of buyer and seller. Best steam coals which were 
quoted at 105s. last week, have been sold down to 90s., 
and Monmouthshire at 80s. against 95s., while inferior 
ractically without demand and 
and 45s. for smalls with throug 
exports in the past week at 
m exceeded on five previous 
year. A new allocation scheme been 
ion in view of the changed con- 
from increased output and a slackening 
in the home d. A “basis output’ has been 
fixed for each individual colliery, determined by the 
average output in the six weeks ended September 25. 
Collieries w production exceeds the basis — 
are entitled to for extra output permits, w 
will be ted if the District Committee are satisfied 
that the e demand is being fully met. 


The Iron and Steel Trades.—The outlook in the tin- 
plate trade is very gloomy. Messrs. Richard Thomes 
& Co., Limited, one of the largest tinplate manufacturers 
in South Wales, have informed their employees that 
owing to the depression, they have no alternative but 
to close their works at the expiration of the notices 
which are now running out, and terminate at the end 
of the month. Five works in Llanelly will be affected 
and nearly 5,000 men will be thrown out of employment. 
The demand is very quiet, and makers are now 
supplies at 39s. per box, with buyers’ ideas roun 
35s. 6d. 


round 50s. Foreign 





Water Power In tHE Dutcn East Inpies.—We 
learn from an article in a recent number of Sluyters’ 
Monthly East Indian Magazine that the water-power 
resources of the Dutch East Indian Islands are being 
studied with a view to the future electrification of the 
State Railways, and also for the po of supplying 
energy for the development of the industries of the 
islands. It appears from a rough estimate that the 
minimum water power available in Java, Sumatra, 
North Borneo and Celebes together, amounts to 5,500,000 
horse-power, and that the regions containing the most 
water power are West Java, North Sumatra, Central 
Borneo, and the lake territory of Central Celebes. The 
utilisation of water power is, however, most developed 
in West Java, where a number of hydro-electric power 
stations are now under construction for supplying power 
for the Prisk-Batavia-Buitenborg electric railways, and 
for the general supply of electric energy to Batavia and 
its suburbs, as well as to Buitenborg and Bandoeng, 
and to the neighbourhood of the fiireless station at 
Malabar. In the other districts mentioned, some power 
plants.are in existence, and others are in course of 
construction, while careful investigations are being made 
with a view to future developments. 


SHIPBUILDING AND ge wg - and 
suggestive read before orth- Coast 
Institution Fics on the 17th instant, Mr. Maxwell 


Ballard analysed the relationshi 
production, prices and the freight market. He poin 

out that the ing feature of the position to-day 
is the absence < ow a t ee i yieslght 
tonnage ply, price of ton y it 
aan oe i he said, ‘although freights are 


between shipbuildi 


tly in full the outlook 
of great. anxiety. The condition, ever, he 


: regards 
as , since a on of world 
ps ms tg iow the period o stagnatfon in production 
and destruction of capital during war, the not- 


aw oy ‘oxrying i f troighte but he 
accompanied vast oO 

points out that this cannot be achieved until stabilised 
conditions rule. We have not space to deal here with 
the arguments on which this conclusion is. based, but 
the latter is certainly of sufficient imterest to 

and the paper itself is worthy of careful perusal by 
students of shipping economics. 





Srress Anatysis.—Report No, 82, 
‘the United States National Advisory Com- 
Aeronautics is a handbook of aeroplane 
stress analysis in 1917 for the Chief Constructor 
the United States Navy, Admiral 2. W. Taylor, 
and it was primarily intended as a guide for persons who 
had to make as we of aeroplane stresses and factors 
of safety for the United — Government. The text, 
written by Dr. A. F, Zahm, comprises three 2 
Part I, 4 introductory, presents briefly the AE eon 
mai and structural members 
Part I treats of aeroplane wing stresses; Part 
— The text is followed by Part IV, 
. L. H, Crook, which gives in detail the 
the illustrative practical problems 
presented in the text, by use of the methods and equa- 
- te Finally, in Part V, poet 
by the authors jointly, are assembled the les, for- 
mule, and descriptive di illustrati the text: 
also the graphical solutions of many of standard 
stress problems. given. The whole work, compnens 
ogi 


70 pages, is compact and orderly, with only 

ments or cxpiapetions. It assumes that the 

mao Und an every See tals & Oe eee 

of materials and elementary structures. A copy of 
may be obtained upon req ¢ from the National 

Advisory Committee for Aeronautics, Washington, 

D.C., U.S.A. 


g 
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NOTICES OF MEETINGS. 


Tue Junior Instirution or Enorverrs.-—Friday, 
December 31, at Caxton Hall, at 8 p.m. Lecturette on 
“Drying Plant,” by F. A. Alliott, A.M.I.Mech.E. 
(Member). 


Reyat InstrruTIon or Great Brrrarn.—Christmas 
Lectures: “'The Haunts of Life,” by Professor J. Arthur 
Thomson, M.A., LL.D., Thursday, December 30, at 
3. p.m. Lecture I, ‘The School of the Shore”; Satur- 
day, January 1, 1921, Lecture II, “‘ The Open Sea.” 











Tus Institution or Exvectrricat Enotmveers’ Bens- 
vouznt Funp.—The council of the Institution of Elec- 
trical Zngineers have received from Mr. E. M. Hughman, 
of Bombay, an offer of a donation of £250 to the Bene- 
volent Fund of the Institution, on condition that nineteen 
similar donations are received before March 31, 1921. 
The committee of t of the fund earnestly 
hope that the nineteen donations specified will be forth- 
coming as the fund will thereby be benefitted to the 
_— of 5,000/. we apne pry should be ——— 
to secretary of the Instituti at 1, Alb e-street, 
London, W.1. 








New Sairyarp on tae Tynz.—An event of consider- 
able interest in connection with shipbuilding on the 
North-East Coast occurred yesterday, when the new 
yard of the Newcastle Shipbuilding Company, Limited, 
at Hebburn-on-Tyne, was officially opened by Rear- 
Admiral Sir Edward F. Inglefield, K.B.E. On 
day the company’s first vessel, the ss. Zabaldine, building 
for the Compafiia Maritima Bilbao, was launched from 
the yard, the construction of the vessel having proceeded 
simultaneously with the development of the vA 
reference to the latter was made on page 498 of our last 
volume, but we may mention that it now includes 
three ——- berths, four berths for vessels of 4,000 tons 
deadweight, and three berths capable: of taking ships 
up to 10,250 tons deadweight. We unders , how- 
ever, that it is proposed <> donee the line of one of the 
present 4,000-ton berths to enable it to be lengthened 
sufficiently to accommodate an additional vessel of 
10,250 tons. Besides the vessel just launched, three 
vessels of 4,150 tons deadweight are building at the yard 
for Norwegian owners, and three oil tankers of 10,250 
tons deadweight have been laid down on the largest 
berths. In general, it may be stated that the yard has 
been laid out for the purpose of specialising in oil-tanker 
a and the staff has been selected with the same object 

view. 





Tue Naprer Agro Enoine.—We are informed that 
Messrs, D. Napier & Son, Limited, have recently carried 
out a number of exceptionally severe trials of one of their 
450 h.p. aero engi The engine was first put through 
@ series of six runs, the te duration of which was 
50 hours. The longest of these runs extended for 12 
hours, during which the engine developed 383-5 brake 
horse-power at 2,018 r.p.m. In the other five runs, 
which varied from 5 hours to 10 hours in length, the 
powers and speeds were about the same. After com- 
pleting these tests the engine was subjected to a high- 
a test, in which it was run for one hour at 2,300 r.p.m., 

ons 352 brake horse-power, and immediately 
after this four high-power tests, each one hour in length, 
were carried out. The following powers and »# 
were developed in these tests :—454-5 brake horse-power 
at 2,100 r.p.m., 457 brake horse-power at 2,015 r.p.m., 
531 brake horse-power at 2,225 r.p.m., and 490 brake 
mag gee at 2,026 r.p.m. The run for one hour 
at 531 brake horse-power and at 2,225 r.p.m, should 
be ly noted, as it is certainly an excellent 

ormance for an engine of which the normal output 

450 brake horse-power, and the normal speed 
2,000 r.p.m. In all other ts the trial results are 
eloquent testimony to the reliability of the engine—a 
feature of primary importance in civil aviation. We 
illustrated and described the ign and construction 
of the Napier engine in our issue of July 23 last on 
page 106. 








Tue Puyatcan Socrery anp Optica Soorery’s 
Anwuat Exursrtion.—This exhibition, which is to be 
on Wednesday and Thursday, January 5 and 6, 
1921, at the Imperial College of 8 , South Kensi 
ton, will be open in both the afternoon (from 3 to 6 p.m.), 
and in the evening (from 7to 10 p.m.). Si ragg, 
K.B.E., F.R.S., will give a discourse on ‘“ Sounds in 
Nature,” at 4 p.m., on January 5. Emeritus Professor 
D.8c., LL.D., will give a discourse on 





totally blind to read ordi print,” at 8 p.m., on 
January 5, and at 4 p.m., on Jemmany 6. After the dis- 
course a demonstration will be given by a totally blind 
person. At 8 p.m., on Jan 6, Prof. C. R. Darling 
will give a discourse on ‘‘ Some Unusual Surface Tension 
Phenomena.” All the lectures will be illustrated by 
experiments. About 50 firms will be exhibiting and a 
number of experimental demonstrations have been 
arranged. We understand that invitations have been 
iven to the Institution of Electrical Engineers, the 
itution of Mechanical Engineers, the Chemical 
Society, the Faraday Seem 5 Wireless Society of 
London, and the Réntgen iety. Admission in all 
cases will be by ticket only, and Members of the socie- 
ties just mentioned desiring to attend the Exhibition, 
apply to the Secretary of the Society to which 
belong. Others interested should apply direct to 

F. E. Smith, F.R.S., hon. secretary of the Physical 
Society, National Physical Laboratory, Teddington, 8.W, 
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TEAM WORK. 

To-nicHT, according to tradition, Santa Claus 
will visit us again, and as the famous old gentleman 
always somehow manages to keep up with the times, 
the youngsters will be sure to find to-morrow their 
stockings, if they are big enough, filled with Meccano 
sets and other toys reflecting the engineering spirit 
of the age. We have recently been informed, in 
confidence, that our friend has given up his reindeer 
sleigh, and taken to an airship which he finds 
can hover infinitely better than his former vehicle, 
and is, therefore, much more convenient for the 
purpose of his annual journey. This is but one of 
countless ways in which the engineer has influenced 
the present-day mode of keeping Christmastide. 
Let us consider a few others. 

That Yule logs are grown scarce, we are all well 
aware, but we replace them by coal cut in the pit 
and raised to the surface by our machinery, and 
brought to our homes by motor lorry. This, some 
may think less romantic than the former usage, 
but it is still full of assurance of the genial warmth 
and kindly blaze which does so much in this dismal 
climate to keep us cheerful in our homes when the 
air is raw and forbidding without. It is the time 
for social intercourse and friendly greeting. We 
have only to think of absent ones to send them, 
now-a-days, seasonable salutations across the globe 


| by wireless. The Englishman keeping the feast 


with a smoking plum pudding, under a torrid 
Indian sun, knows, by his mail, that he is less than 
three weeks from Home. Closer at hand we have 
immensely multiplied the number of family re- 
unions. We wake on Christmas morning to the 
merry peals which we owe to a craft which acted, 
so to speak, as nurse to our profession in its younger 
days, and now serves us as an indispensable and 
honoured handmaid; and the endless chorus of 
joy and praise which circles the earth this happy 
day is gloriously augmented by grand-organ music, 
for which, if not the motif, we supply the power 
in either electric or hydraulic form. 

Darkness will vanish at our touch, and “ the 
lorde of misrule or master of merrie disportes,” 
though grown somewhat more sober than of yore, 
can with our help lengthen the hours of enjoyment 
at his pleasure. Without our co-operation the 
theatres and pantomimes would prove unspeakably 
depressing ; we pile the festive board with meats, 


»| rare fruits, spices and flowers, which we alone can 


safely carry from the distant countries of their 
origin. We bring to the markets holly and mistletoe, 
to the delight of young hearts, for whom also we 
usually make entertainment with Christmas science 
at our learned institutions. Can any Scrooge 


7| continue in his gloom and solitude in such a world ? 


The Cricket chirps, and the Kettle hums, and— 


“Now all our neighbours’ chimneys smoke, 
And Christmas blocks are burning, 
Their ovens they with bak’t meats choke, 
And all their spite are turning.” 
Our heart warms to our fellows, and just for this 





time we will overlook the smoking chimneys if 
they betoken cheerful hearths ealew's we will 
temporarily dispense, too, with the company of 
our confréres of the gas stove and electric heater— 
excellent good fellows in their ways, but, it must 
be owned, a trifle dull for this occasion. Now, or 
never, will the Tankertons and thaw in 
the glow and warmth which is diffused abroad, 
and men come to feel, in the words of the Nephew, 
that they are fellow passengers h the world, 
instead of creatures of another race bound on another 
journey. It is the season of goodwill, when selfish 
thoughts dissolve in wider circles, and surely, with 
this feeling in the air, the time is not unfitting for 
considering whether more of this same virtue cannot 
be translated into our work-a-day life, to help us 
to a future more glorious than our resplendent 
past. 


It was cheery goodwill, and a spirit of comrade- 
ship among all engaged in the Great Adventure 
which won the war for us. The men who willingly 
lost themselves in the whole, and became “ details ”’ 
in the game saved to us our heritage. It was the 
team work of the Forces, with each man out to 
win the match for the credit of his side, his in- 
dividuality sunk in the all-sufficing hope of victory, 
that brought us sueccess—in contrast with which 
the attitude of the piece workers at home seemed 
like that of the pot-hunting athlete individually 
struggling after prizes. Need we ask which of the 
twain gave the greater service, and made the 
sacrifice ? 

Team work developed to its highest pitch in the 
Navy, yet carries right through the Army just as 
well. The esprit de corps of the unit is one inter- 
pretation of it—the collective effort to make the 
present worthy of great traditions. It was team 
work which enabled from all parts of the 
Empire to fight side by side, and which finally re- 
sulted in the overwhelming issue for the Allies on 
the large scale, just as it contributed to the brilliancy 
of such small affairs as our trench raids. And it 
was the same idea that brought our women into 
the struggle. 

His Royal Highness the Prince of Wales has 
recently reminded us that this thing—so necessary 
in the hour of danger, is equally indispensable now, 
that we must all pull together with a true spirit of 
comradeship and co-operation in all our affairs. 
Can any engineer doubt it? Listen! 


They’re allawa! True beat, full power, the clanging 
chorus 


goes 

Clear to the tunnel where they sit, m: > d , 

Interdependence absolute, rm Ae Ag 7 ea, mee a 

To work, Ye'll note, at any silt, an’ every rate o’ speed. 

* 

Now, a/ together, hear them lift their lesson—their’s 
an’ mine : 

* Law, Orrder, —_—— Restraint, Obedience, Discipline!’ 

s ° . Lord! They’re grand re 

grand ! 


That is M‘Andrew’s H e nineteenth 
century engineer’s rendering of Paul’s lecture on 
the human body, addressed to the people of Corinth. 
It needs no interpreting to us, and, mark ye, 
behind it all is the bit of a controlling hand, to see 
the cylinders supplied with steam, the 
oiled, and the boilers fed with coal and water as 
they should be. 

In the best of all games we have “ outsides” 
and “the pack.” None of the latter stints his 
effort because his play brings less individual kudos 
than does that of the former. Also be it noted 
we have a captain, perchance a manager, and others 
in the organisation of the team. Can it be that 
this spirit of corporate being of so great value both 
in sport and war, is really of no import in industrial 
life ? Yet in most cases we have the ent 
alone striving for the prosperity of @ firm, and 
employees only interested in themselves, and at 
the most, in what they can make on work. 
We are told of the awakening of labour, and of a 
desire on the part of the men to feel that they are 
living a wider life than they were used to before the 
war. It may be taken as a fact that they are not 
solely concerned about wages, though the frequency 
of their demands might cause that to be th t. 
But had that been the case, would they have volun- 
teered so promptly when the call came? And now 
that they have returned to civil life probably they 
have brought back with them a bit of the same 
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foaling oll“ wanting to be im it2”. Domobilisntion | 


has meant a very sudden reversion from team 
work to individual effort, with little beyond the pay 
envelope to satisfy both body and mind. Here 
it may be something is lacking.’ They tell us 
labour does not want to manage; it is not an 
essential feature of corporate effort that it should. 
The “ pack” certainly does not on the football 
field, nor does the engine control its own operation. 
If the team idea could be instilled into the mind 
of our men we certainly think it might do some- 
thing to satisfy the present nebulous aspirations 
which even labour itself seems to find it so difficult 
to state clearly. 

In the coal-mining industry it is already on trial, 
and though, of course, it is too early to speak 
definitely of its working, a decided improvement 
has resulted in output and wages. In this industry 
it has been arranged on so wide a footing that there 
are nd opposing teams to play—only ‘bogey ’”’ 
in the form of a base line. Another less compre- 
hensive effort in the same direction has been recently 
mentioned in our columns-—not universally applic- 
able, but already of proved value in certain branches 
of the industry. In this, zest is added to the game 
by the retention of keen competition between firms. 
The base line “bogey” is still there, but over and 
above that there is the contest between live organisa- 
tions. In both these experiments the endeavour 
has been made to enlist the interest and goodwill 
of the meniin combined effort in a scheme offering 
mutual advantage to all concerned, and that without 
interfering, with skilled and well-tested manage- 
ment. It is, we hold, insufficient: to make, for 
instanee, machine men alone anxious for high 
output, while leaving others supremely indifferent. 
The indirect ways of affecting machine or depart- 
mental output. are too numerous for it not to be 
necessary to rope into the game every single person 
about a works, and we feel sure that if this could 
be accomplished, benefits could be won for the 
nation not less than those which good leadership, 
staffwork and sound team work have gained for us 
both on the playing- and the battle-field. Industrial 
peace must surely follow hard on the development 
of goodwill and such co-operation. A summary 
of the disputes of the last two years shows that 
61 million working days have been lost during that 
period, or roughly 100,000 persons on strike every 
single day of that time. Something, it’ will be 
admitted, is sadly needed—and needed promptly— 
to put an end to such a state, and get labour to 
throw itself seriously into the struggle which con- 
fronts us. 





POSSIBLE’ DEVELOPMENTS IN AERO 
ENGINES. 

In the early days of aviation the main desideratum 
in connection with the design and construction of 
the. engine was to produce a motor capable of 
developing the requisite power for the least possible 
weight. The question of fuel consumption, at that 
time, was of secondary importance, since for the 
short flights then possible, the weight of fuel to be 
carried for an uneconomical engine would be but 
little greater than that required for an engine of the 
highest possible efficiency. The matter, however, 
became of greater importance as the powers of aero 
engines were increased and flights of longer duration 
were undertaken. In a flight of several hours an 
aero engine may consume many times its own 
weight of fuel, so that it may well pay to install an 
engine with a greater weight. per horse-power if it 
have a higher efficiency and can consequently effect 
a saving in the, quantity of fuel which must be 
carried, The cost of the fuel itself is now sufficiently 
high to encourage economy in its use, but when it 
is remembered that, in a commercial machine, addi- 
tional paying load equal in weight to the petrol 
saved can be carried, it is not difficult to realise 
that the efficiency of the engine may prove the 
determining factor in the success or failure of an 
aeroplane service. In a commercial airship service 
the effects of this feature would be felt with much 
greater force, since with lighter-than-air craft the 
engines would be required to run for very long 
periods without replenishing the fuel supply. 

Fortunately, or perhaps unfortunately from some 
points of view, the petrol engine is a fairly efficient 


|means of converting the heat energy in the fuel 








into mechanical energy at the propeller. The best 
modern aero engines, in fact,‘ have a thermal effi- 
ciency only 4 per cent. or 5 per cent. lower than the 
highest attainable from the cycle on which they 
operate, so that, it is obviously only possible to 
effect any material increase in efficiency ify- 
ing the cycle, the composition of the fuel, er both. 
Some of the means available for improving efficiency 
have, however, been investigated by Mr. H. R. 
Ricardo, using the experimental engine with vari- 
able compression gear, illustrated and described on 
page 325 ante, and these were. explained and the 
results obtainable indicated in a valuable paper 
read by him before the Royal Aeronautical Society, 
on Thursday of last week. This paper we hope to 
reprint at a later date, but the results are of quite 
sufficient general interest and importance to justify 
a brief reference to them now. ' 

The theoretical efficiency. of the cycle.on which 
practically all modern aero engines operate, is 
given by the formula E = 1—(1/r)”* in which 
r is the compression ratio and y is the ratio of the 
specific heats at constant pressure and at constant 
volume, Without considering the properties of the 
working fluid, it is evident that the efficiency of the 
cycle may be increased by raising the compression, 
but with petrol the compression is limited by the 
tendency of the fuel to detonate as the compression 
is raised. Mr. Ricardo has found that a light petrol, 
freed from aromatics, but conforming in every way 
with the Air Ministry’s specification for aircraft 
spirit, detonates under normal conditions at a 
compression ratio of 4-85:1, but that by adding 
20 per cent. of toluene the compression can be 
raised to 5-57: 1 before detonation occurs. By this 
means the efficiency has been found by actual test 
to be raised from 31-1 per cent. to 33-5 per cent. 
and the mean-effective pressure from 131-8 lb. 
per square inch to 140 lb. per square inch. The 
weight of the fuel per unit of heat contents is only 
increased by 2 per cent. by the addition of the 
20 per cent. of toluene, and as the increase in 
efficiency is over 7 per cent. the net gain is far from 





negligible. 

Similarly, by adding a certain proportion of inert | 
gases (in the form of cooled exhaust gas) to the| 
cylinder charge, Mr. Ricardo finds the compression | 
ratio, with petrol, may be made as high as 7-5: 1. 
It has been found possible by this means to raise | 
the compression to more than 6:1 without any | 
reduction in the power output, and, at the same time, 
to improve the economy of the engine by as much 
as 6 per cent. This particular improvement, of | 
course, costs nothing and does not increase the 
weight of the engine. A good idea of the possibilities 
in this direction may be gained. from some interest- 
ing figures given in the paper. From these it appears 
that the limiting thermal efficiency of an engine 
with a compression ratio of 4°85 : 1 is 32-7 per 
cent., but the latter figure can be raised to 38-6 per 
cent. by increasing the compression ratio to 7: 1 
with the aid of cooled exhaust gas. The engine 
could still be run full out on the ground with perfect 
safety and with very nearly the same output as 
that obtained from the lower-compression engine. 
Moreover, reducing the proportion of exhaust gas 
as the machine ascended would provide an efficient 
means of compensating for the increase in altitude. 

There are also interesting possibilities of obtaining 
increased economy, together with a longer life for 
the engine parts, by controlling the power output 
by means of the mixture strength, and these have 
been investigated by the author of the paper. In 
an internal-combustion engine, as normally operated, 
it is not possible to reduce the mixture strength 
indefinitely for running at low powers, since when 
the mixture has a lower heat energy than about 
40 ft.-lb, per cubic inch, serious loss of efficiency 
occurs owing to incomplete combustion. The 
desired result can, however, be achieved by means 
of stratification, i.c., by supplying the cylinder 
separately with a small charge of combustible 
mixture and a large charge of air, and keeping 
the two c separate until after ignition has 
taken place. It would inly seem rather 
difficult to accomplish this in practice, but we 
understand that Mr. Ricardo has succeeded in 
running two engines over the whole range from 





dead-light load to full load by eontrolling the fuel 
alone. From a curve given in the paper it appears 
that, in an experimentaf engine with a compression 
ratio of only 5: 1, the efficiency rises to a maximum 
of 37 per cent. at one-third full load, which would 
be equivalent to a consumption of rather less than 
-36 pint of benzol per indicated horse-power hour. 
He has also had a 24 brake horse-power gas engine 
running on this system for some nine months under 
violently fluctuating loads with perfectly satis- 
factory results. It must be remembered that, in 
this method of working, the maximum temperature 
in the cylinder is practically proportional to the 
load, and the losses due to dissociation and change 
in specific heat, as well as the direct loss of heat, 
all diminish as the load, and therefore the tempera- 
ture is reduced. It is thus not only possible to 
obtain higher efficiencies by this means than by any 
other, but also greatly to reduce the liability of the 
engine to mechanical failures, sincé most of these 
are caused by the high temperatures reached during 
the cycle. Mr. Ricardo also mentions in this con- 
nection that a comparatively small reduction in 
power output from an engine controlled as above 
described, will greatly simplify the difficulties of 
air cooling; he has, in fact, been able to run a 
water-cooled engine at reduced loads for any 
length of time with no water in the jackets. 

We have: not dealt in this article with all the 
possible methods of improvement considered in the 
paper, although we have referred to those which 
seem most promising. Further research is admittedly 
necessary in connection with some of them, but 
there appears to be no great difficulty in applying 
any, or all, of the suggested improvements to a 
single engine, and it would be extremely interesting 
to see how nearly the results obtained under ordinary 
working conditions agreed with those to be anti- 
cipated from ‘the experimental work. In conclu- 
sion, we should mention that most of the investiga- 
tions from which the data given in the paper have 
been obtained were made on behalf of the Asiatic 
Petroleum Company, Limited, and the thanks of 
all interested in the development of aero engines, 


‘and other internal-combustion engines, are cer- 


tainly due to that firm for thus permitting their free 
publication. 








LIQUID OXYGEN EXPLOSIVES. 

On several previous occasions we have referred 
in these columns to the use of liquid oxygen as an 
explosive agent. First used to any extent, we 
understand, on the Simplon Tunnel, liquid oxygen 
explosives made a great deal of headway on the 
Continent during the war as the scarcity of ordinary 
blasting agents became more and more acute. 
The new method was gradually reduced to a fairly 
practical state, and although hostilities are at an 
end, continues, we believe, to be used to a consider- 
able extent. The United States Bureau of Mines, 
having first begun to investigate the possibilities 
of this type of explosive in 1917, is still continuing 
experimental xesearches on the subject, though 
it has already arrived at a number of conclusions 
which tend to confirm previous information from 
Continental sources. 

For explosive purposes liquid oxygen is used 
in the presence of carbonaceous matter of some 
kind. At present there seems still to be some 
indecision as to what this should be. Soot, wheat 
dust, straw powder, sawdust, powdered cork, 
petroleum and other substances have been tried. 
The Simplon compound consisted of 20 per cent. 
crude petroleum, 30 per cent. soot, and 50 per cent. 
kieselguhr, and this material impregnated with 
liquid oxygen gave better results in the Bichel 
gauge test than gelatin dynamite, blasting powders, 
&c, The kieselguhr, it must be noted, is added to 
increase the power of absorption of the cartridge. 
It,does not otherwise affect the explosive, the power 
of which is dependent upon the combination of the 
oxygen and carbon in the mixture. The United 
States Bureau experiments, so far published, have 
been concerned with samples made up,of kieselguhr, 
crude oil and oxygen; kieselguhr, crude oil, lamp 
blackfand oxygen; and another composition in 
which a rather large proportion of wood pulp 
was introduced in place of the lamp black. All 
three compounds were found to be more powerful 
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by from 4 per cent. to 12 per cent. than 40 per cent. 
straight nitro-glycerin dynamite, when subjected 
to the standard ballistic pendulum test of the 
Bureau. There seems to_be little doubt, therefore, 
that as regards power such explosives are fully 
up to requirements. 

The advantages claimed for these explosives are 
considerable, though they are off-set by some 
disadvantages which are too prominent to be 
overlooked. ‘The cost per unit of materia] blasted 
is said to be quite reasonable, and the system 
introduced by force of circumstances during the 
war is still being adhered to on the , Continent 
for economic reasons. Where the liquid oxygen 
is manufactured at the mines by efficient plant 
producing oxygen of from 85 per cent. to 95 per 
cent. or even higher purity, the cost at the working 
face is said to be comparatively speaking low. 
Then, again, as the materials only become ex- 
plosive when the carbon is soaked in the oxygen, 
which is done only at the working face, at the last 
minute, all risk in transportation and storage is 
obviated. There is practically no risk of premature 
ignition, while the dangers of misfires disappear, 
both at the face, and by the subsequent explosion 
of cartridges in the mined mineral, since after a 
lapse of half-an-hour or so the oxygen has evaporated 
and the cartridge has become harmless. 

The disadvantages are, however, still considerable. 
Two, at least, must carry considerable weight. 
The first of these is that on account of the risk of 
igniting fire-damp this explosive cannot be used in 
gaseous, or in dusty mines. The American ex- 
periments on this point confirm previous German 
experience, and no thorough solution has, so far, 
been forthcoming, though it is understood promising 
work has been done with the addition of graphite 
and salt to the carbonaceous constituent with the 
object of lowering the temperature during ignition, 
and deadening the flame. Again, if the explosive 
is not fired quickly after preparation the evapora- 
tion of the oxygen may result in the production 
of a considerable quantity of CO, instead of the 
whole being reduced to CO, This may occur 
to a disagreeable and even noxious degree. This 
evaporation also has other indirect results as, for 
instance, the necessity of firing charges so soon 
after preparation that only two or three shots can 
be fired at once. As liquid oxygen has a tempera- 
ture of about —185 deg. C., it quickly evaporates 
in contact with the relatively hot rock of the hole, 
and the gas is sometimes driven off so violently 
as to blow out the stemming. For this reason a 
gas escape has to be left when tamping. A good 
deal of practical work has been brought to bear on 
this aspect of the subject, and various attempts 
have been made to render the cartridges less open 
to this objection by means of insulation. 

The problem of dealing with this question of 
evaporation of the liquid oxygen has been 
attacked in two ways, both of which have 
met with some success, which, however, cannot 
be considered by any means complete as yet. 
In one system the cartridge is only impregnated 
with oxygen after being placed in the hole. This 
system is rather cumbersome in practice, and 
does not lend itself at all well to large charges, 
or work with deep holes. In the second system, 
the cartridges are soaked and then inserted in the 
hole. The latter system involves the use of open 
vessels for soaking, whereas in the first the car- 
tridges can be charged in situ by means of an almost 
closed and fully insulated vessel. The soaking 
method, with preliminary cooling of the cartridge, 
appears to be most favoured on the whole, and the 
required apparatus seems to have been brought to 
a fair degree of perfection. 

The liquid oxygen made at the mine is put into 
containers of a capacity of about 5 litres, which 
is sufficient for 12 or 13 cartridges about 1} in. 
in diameter by 9 in. in length. This quantity 
serves for a shift of eight hours for two miners, 
and one or two loaders. The container consists 
of a double-skinned brass vacuum flask with a 
long neck, and charcoal, on the Dewar system, 
in the exhausted space between the two skins. 
The vessels are exhausted as far as possible, and 
when the liquid air is introduced into the flask 
the charcoal absorbs the residual air, and an almost 





perfect vacuum results. The space does not need 
to be exhausted more than once a twelve-month, 
andZevaporation is said to be[only 4 per cent. per 
hour. The container is further enclosed in a strong 
metal case, packed inside with insulating material. 
The dipping vessels are usually comparatively 
tall, and of uniform and moderately smal] diameter 


all the way up, open at the top, and likewise‘usually 


constructed on the vacuum-flask principle, with 


a lined protecting casing outside them. They 
hold four cartridges at a time. The cartridges 


require to be soaked for about 15, minutes, and must 
be exploded within 5 to 15 minutes of being re- 
moved from the dipping vessel, according to the 
work. As previously stated, the cartridges are 
usually pre-cooled by immersion in the cold oxygen 
gas before being dipped into the liquid itself. The 
cartridges are explodedjeither by special fuse, or 
by electric igniters or detonators. Ordinary fuse 
cannot be used as it burns rapidly if soaked with 
oxygen, and the special fuse used is made with 
braiding which is incombustible. A detonating 
cap is used with the fuse. The electric detonator 
contains no detonating material, merely igniting 
material such as powdered cork, and can, therefore, 
only be detonated after soaking in oxygen. 





WORKMEN’S COMPENSATION. 

ImPoRTANT judgments were given by the House 
of Lords last week in three appeals from decisions 
of the Court of Session in Scotland on stated cases 
under the Workmen’s Compensation Act, 1906— 
A. G. Moore & Co. v. Donnelly ; Fife Coal Com- 
pany, Limited, v. Colville; Fife Coal Company, 
Limited v. Gordon. The question in all three 
cases was the same, viz., whether the contravention 
of a statutory order under the Coal Mines Act, 1911, 
by a miner, who, as a result, suffered death or serious 
and permanent disablement, took him outside 
the sphere of his employment so that compensation 
was not payable. The development of the law on 
the subject is interesting. Under the original 
Workmen’s Compensation Act of 1897 a claim for 
compensation in respect of an accident due to a 
deliberate breach of a statutory order could in most 
cases have been successfully resisted on the ground 
that the accident was due to the workman’s serious 
and wilful misconduct. Since the Act of 1906 
was passed that defence has no longer been available 
in cases where death or serious and permanent 
disablement resulted from the accident. Accord- 
ingly the Scottish case of Conway v. The Pum- 
pherston Oil Company, Limited, in 1911—in which 
a miner had lost his life through going to look for 
a pick, with a naked light, in an “ upset” in which 
there was dangerous gas, despite the fact that it 
had been boarded across and marked “No road 
up here” by a fireman—the employers rested the 
defence not on a plea of serious and wilful mis- 
conduct but on the plea that in going into the upset 
despite the fireman’s prohibition the miner had gone 
outside of the scope of his employment and that the 
accident had, therefore, not arisen out of and in 
the course of hisemployment. The Court of Session, 
however, held that the man was within the “ sphere ” 
of his employment notwithstanding his disobedience 
of the fireman’s prohibition, and that compensation 
was payable. That decision was followed by the 
Court of Appeal in England in a similar case in 
1911—Harding v. Brynduu Colliery Company, 
Limited—but these decisions have now been over- 
ruled by the judgments referred to. As the three 
cases are somewhat similar, one of them—Fife 
Coal Company, Limited, v. Colville—may be taken 
as typical. 

The Lord Chancellor's statement of the facts 
was to the effect that a stone miner, John Colville, 
was employed by the appellants, the Fife Coal 
Company, Limited, in September, 1919, in one of 
their pits. He and a man called Canavan were 
driving a road through sandstone in the pit and 
bored two shot holes in the sandstone and took the 
ordinary steps to fire the shots. They then retired, 
and Canavan's shot duly went off. Colville thought 
that he had failed to light his “strum,” and after 
waiting ten minutes the men returned to the sand- 
stone . While they were looking for Colville’s 
“ strum ” his shot exploded and he was killed. In 
accordance with the Explosives and Coal Mines 


Order of September 1, 1913, the men should | have 
waited at least an hour before approaching the 
shot hole, and a notice |calling the workers’ attention 
to this Order had been conspicuously posted at the 
pit head by the company. The Arbitrator found 
that the company were {liable to pay compensation 
to Colville’s dependants and on appeal the Court of 
Session agreed with the Arbitrator. The Lord 
Chancellor, however, said |that. where a prohibition 
for which the employer was responsible, in matters 
comparable to those under discussion, was brought 
clearly to the notice of |the;workman his breach of it 
took him outside the |sphere of his employment, 
so that the risk in which he involved himself ceased 
to be reasonably incidental to his employment. 
He accordingly held that compensation was not 
payable. The other noble and learned Lords gave 
judgment to the same effect. 

The Lord Chancellor added that he did not lay 
particular stress on the fact that the rule violated 
by the workers was of statutory origin, because 
on principle no distinction could logically be drawn 
between a prohibition founded upon statute and 
one imposed by the employer to regulate the em- 
ployment. It will be observed that the same result 
has been attained as if the plea of serious and wilful 
misconduct had been still open to the employers 
in cases such as these. 





NOTES. 
Tue ELEectric DEVELOPMENT ASSOCIATION. 

THE convenience of electrical apparatus and ap- 
pliances is so well known to engineers that they are, 
perhaps, apt to assume that the information is 
common property. This is, however, far from 
being the case, and in the domestic sphere, for 
instance, the comparatively small use of electric 
irons, or electric toasters on the breakfast-table, 
must be attributed to a considerable extent, to a 
lack of appreciation of the fact that these appliances 
exist. No doubt most people have had these 
things brought to their attention at one time or 
another, but continued and reiterated insistence 
is necessary before the average man effectively 
realises facts which do not immediately concern him. 
This is the understanding on which advertising and 
publicity work must be based. The gas interests 
have for a long time now carried on a very able 
propaganda directed both at the domestic con- 
sumer and the manufacturer, and it is the business 
of the British Electrical Development Association 
to carry out the same kind of thing in their own 
sphere. The purpose is not to advertise the products 
of any particular manufacturer or manufacturers, 
but to do everything possible to point out to the 
general public, and if necessary, to specially selected 
publics, the advantages and conveniences of elec- 
trical working generally. The Association gave 
a lunch at the Hotel Cecil on the 17th inst., at which 
Mr. Hirst, the President, and others spoke, and 
at which the aims of the body were explained. 
The sphere which it has to work is a very promising 
one, and the Association should ultimately be able 
to do much good for its three types of members— 
electricity suppliers, manufacturers and wiring 
contractors. 


INDUSTRIAL PROSPECTS. 


A somewhat black picture of the present and 
immediate future of the engineering industry was 
painted by Lord Weir in his presidential address 
to the Junior Institution of Engineers on the 
17th inst. In the absence of such statistics as 
would be furnished by a, census of production, 
Lord Weir based his examination of our engineering 
trade on export figures, and by means of a series 
of simple diagrams was able to show very clearly 
how far we yet are from attaining the position 
we held in pre-war days. As Lord Weir pointed 
out, if we are to maintain the higher standard of 
living which grew up gradually during the war, it 
is essential that our level of production should 
not only equal but should greatly exceed that of 
1914. He referred to the fact, Which has been 
pointed out by Mr. Clynes, that the relaxed pro- 
duction per worker which has been one of the 
most important industrial factors in the period 
since the armistice, has resulted not in leaving 
more work for other people, but in leaving less work 
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for anybody. He also referred to the absurd 
position in which we now find ourselves with tens 
of thousands of men out of work and certain in- 
dustries—notably building—held up by shortage 
of labour. The same thing applied to the moulding 
trade. This question of building trade shortage 
apparently is at last to be tackled, but in what 
appears a very undesirable way. The proposal 
that the State should subsidise building trade unions 
to persuade them to do their common duty and to 
act in the interests both of the public and them- 
selves, is indefensible. At the end of his address, 
Lord Weir put forward some of his remedial pro- 
posals, including the stabilisation of wages for 
twelve months, and other matters which we dealt 
with in some detail in our issue of October 29 last. 
Trapg Union AOTIVvITIES. 

The judgment of Mr. Justice Darling, given last 
week in the trade union case of Miller v. Hurry and 
another, is an example of the well-known principle 
that one who induces another to do an illegal act 
against a third person is liable for the loss and 
damage caused thereby to that third person. It 
appears from the judgment that the plaintiff, after 
being demobilised, endeavoured to resume his 
previous occupation by setting up in business on 
his own account as an undertaker. He accepted 
an order to carry out a funeral, and as he had no 
horses of his own he contracted with a Mr. Merrett, 
a funeral carriage proprietor, for the supply of a 
coach and a pair of horses for the funeral. The 
plaintiff had been endeavouring to become a member 
of the British Undertakers’ Association, to which 
Mr. Merrett belonged, but his application for ad- 
mission was refused. The defendant, Hurry, was 
the secretary of the association, and Mr. Justice 
Darling found that when Hurry heard of the plain- 
tiffs contract with Merrett, he telephoned Merrett 
and forbade him to supply the plaintiff with the 
carriage and horses for the funeral, and added that 
he, Hurry, was stopping the plaintiff's supplies 
all round. He also threatened that Merrett would 
be fined and boycotted if he supplied the plaintiff. 
As a result of this, Merrett broke the contract 
and refused to supply the carriage and horses. 
Mr. Justice Darling accordingly held that Hurry 
had procured and induced Merrett to break the 
contract. He held also that the defendants had 
conspired together to prevent the plaintiff from being 
elected a member of the Association, although the 
rules of the association were so drastic that it 
would be almost impossible for anyone who was not 
a member to carry on business as an undertaker 
unless he were in such a large way of business that 
he could do every branch of the business himself. 
His Lordship said it was shocking that the plaintiff, 
who had done his duty during the war, should be 
prevented in this manner from getting a living 
when he came back from it, and that if the defen- 
dants succeeded in their efforts, the plaintiff would 
become one of the unemployed. He gave judgment 
against the defendants for conspiracy and against 
Hurry for unlawful acts and assessed the damages 
at 1501 in favour of the plaintiff. The case is an 
interesting contrast to the “stop lists” case de- 
cided by the Court of Appeal a few days later, to 
which we hope to refer further next week. 


RELIEF FROM AN Execrric Ligutine ConrTracr. 


A case of considerable importance, to electric- 
supply companies was decided last week by 
Mr, Justice P. O. Lawrence. We refer to North 
Metropolitan Electric Power Supply Company v. 
Mayor of Stoke Newington, where the plaintiff 
company secured the annulment of a contract to 
supply electricity in bulk on the ground that, 
owing to the alteration of trade conditions occasioned 
by the war it could not be enforced without serious 
hardship. It was in 1917 that the legislature first 
invested the Courts with power to grant relief from 
burdensome contracts; but so far as is known, 
this is the first case in which the jurisdiction has been 
exercised in favour of a company supplying elec- 
tricity. The explanation may be that, knowing the 
Courts have power to grant relief, parties to contracts 
of all kinds have been ready and willing to modify 
terms which are too onerous. In Sogepee case 
the facts were that the company agreed to 
supply electricity in bulk under various agreements 





of which the most recent was dated October 24, 
1911. They alleged that owing to the rise in cost of 
coal and labour it was impossible to supply in 
accordance with the agreements except at heavy 
loss. Indeed, it was shown to the satisfaction of the 
Judge that the annual loss to the company under 
the agreements was no less than 2,622/., and this 
although the actual amount of energy supplied at, 
the date when the action was brought was double 
the amount supplied at the beginning of the war. 
“In my opinion,” said his Lordship, “ the meagre 
dividend paid by the company in 1919 on its ordinary 
share capital, and the fact that nothing was set 
aside in that year for general reserve is a sufficient 
answer to the suggestion that the company can 
well afford the permanent loss which, in my opinion, 
would result if the Court were to refuse relief.” 
It is interesting to notice that this decision was 
only arrived at after the learned Judge had “ con- 
sidered the offers which have been made,” and that, 
although he had power to do so, he did not vary or 
modify the contract, but simply annulled it. His 
judgment throws no light upon what the position 
will now be. It would seem that the company are 
now in a position to say: ‘ We shall not supply 
any more electricity in bulk except on our own 
terms.” It should be emphasised that Mr. Justice 
Lawrence made it plain that the very arbitrary 
jurisdiction which he was called upon to exercise 
is one which the Court will only act upon after a 
consideration of all the circumstances; but the 
fact that it will so act in a proper case may 
strengthen the hands who desire to obtain relief 
from burdensome contracts by friendly negotiation 
out of Court. As an example of a case in which 
relief was refused, reference may be made to Wauhrs 
v. Association Internationale (1918) W.N. 267. 
There a contract had been entered into by the 
defendants to supply the plaintiff with soap. The 
defendants protected themselves by a sub-contract. 
Administration restrictions created difficulty in 
supplies, as a result of which the sub-contractor 
failed to carry out his contract as did also the 
defendants. It was held that the defendants were 
not entitled to relief, as they could purchase soap in 
the open market. This was not a case of serious 
hardship within the section. 
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Margarine. By Wrt11am Crayton, MSc.(Live: 
Illustrated. London: Longmans, Green an 
1920. [Price 14s. net.] 


Tuts is one of a series of monographs on industrial 
chemistry, edited by Sir Edward Thorpe, and 
designed to demonstrate the close and fundamental 
connection existing between principle and practice, 
by furnishing examples of the application of 
recently acquired knowledge to modern manu- 
facturing procedure. In the years before the war, 
chemists developed a tendency to limit attention 
to the philosophical side of the science and to neglect 
the improvement of manipulative skill and techno- 
logy. The present series is calculated to restore 
the balance, by displaying the valuable assistance 
that original research has rendered in the opening 
out of new avenues for the wider prosecution of 
trade and commerce. If the trade of margarine 
manufacture came into existence under the taint 
of illegitimacy, if its object originally was the 
adulteration of butter, it has purged itself of its 
unlawful character, and owes its rapid increase and 
prosperous position to-day to the process of oil 
hydrogenation, the result of pure chemical research. 
The extent to which the public has benefited by 
this discovery can scarcely be appreciated, for 
Mr. Clayton states that this monograph giving so 
much information concerning the growing industry, 
is the first of its kind to appear in any language. 
One can understand that in the early days there 
were very good reasons why the public was not 
invited to consider the methods too narrowly, but 
since margarine manufacture has become a legiti- 
mate industry it has nothing to gain from secrecy, 
but may court inquiry into its merits as a pro- 
gressive and prosperous business. Indeed, it is 
hard to believe that curiosity could so long 

or that those in a 
valuable commodity would make no attempt to 





1). 
Co. 


go|cooling, and are fitted with agitating a 
artificial is 


instruct the public that they were endeavouring 
to serve, or to fight down a mass of ignorant. preju- 
dice that hampered progress and restricted’ distri- 
bution. The author has,not given any stutistics 
to show the output ofjmargarine, but it must be 
enormous, and this trade has grown in spite of its 
disreputable origin, misrepresentation and hostility. 
This commodity may be condemned but it has to 
be tolerated, it is despised, but it is indispensable. 
If more were known of its ingredients and the rigour 
of the tests applied to ensure purity, of its method 
of manufacture and technical skill involved, of the 
necessity for care and cleanliness in all processes, 
not only would much of its unpopularity disap- 
pear, but its usage would be greatly extended. - 

The origin of margarine, Mr. Clayton reminds us, 
goes back to the time of the Franco-German war, 
but we imagine there are few who remember the 
somewhat doubtful success that attended the efforts 
of M. Mége-Mouries to produce from beef suet 
a food, that should possess the characteristics of 
butter and might be used independently, or as an 
adulterant. We say “ doubtful success ” for though 
he undoubtedly led the way in the manufacture of 
“ butterine,” a product better in many respects 
than an inferior butter, it is impossible to approve 
of the use made of his patent, which in working 
led to the practice of substituting the manufactured 
product for butter without the knowledge and 
consent of the purchaser. The evil repute attaching 
to unworthy imitation has clung lastingly and 
mischievously to a promising and economical 
process. The patent was worked in America 
without shame or disguise. The slaughter houses 
of Chicago provided abundant raw material, and 
a very brisk traffic in butter substitutes arose 
between Holland and the United States. The 
wily Dutchman introduced the oleo-margarine into 
his exported butter with an unsparing hand, and 
statisticians were not slow to point out that the 
import of Dutch butter into this country varied 
in the same ratio as the import of oleo-margarine 
from the States into Holland. The farmer had 
no chance with his dairy produce, and there began 
against the ill-starred margarine a chorus of abuse 
which has continued uninterruptedly ever since. 
| The manufacture has improved and changed its 
character: restrictions have been imposed in the 
|interests of agriculture; the new field of bio- 
‘and nutritional chemistry has been invoked to 
declare the true food value of margarine ; but the 
shadow of the evil reputation created in its early 
days has followed its onward path and diminished 
the lustre attaching to a successful career. 

The main features that have contributed to the 
advance in the manufacture of margarine are 
summarised by the author under four heads: 
I. The use of commercial cultures of lactic acid 
organisms, usually B. lactis acidi, Leichmann, for 
souring the milk used in churning, in order to 
impart a butter flavour to the finished product. 
II. The introduction of vegetable oils and fats, 
leading to the so-called “nuts and milk mar- 
garines.” III.\The utilisation of hydrogenated oils 
thus providing’a new and extensive source of raw 
fatty material,,and IV., the use of artificial milk, 
made from vegetable oils and nuts. This milk 
can be pasteurised, soured and emulsified, yielding 
a product quite equal to that made with the usual 
separated cow’s milk. Some of these operations, 
particularly the last, are not discussed so fully as 
their importance merits. Probably trade interests 
and special methods adopted in particular factories 
rendered a more thorough description undesirable, 
or these may be connected with the technical 
minutis of manufacture the discussion of which is 
excluded by the general plan of the series. 

Broadly viewed the process of margarine manu- 
facture is simple, and the machinery employed is 
not complicated. The first operation consists in 
the melting of the fatty ingredients, and whether 
animal fats are employed as in oleo-margarine, or 
oils as in vegetable kinds, the mixture is arranged 
to possess a melting-point at about 25 deg. C. 
The melting pans are double jacketted so as to 
permit steam heating, or if required, of — 
If necessary an colouring to the 
molten materials. This usually takes the form 
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of an oil soluble dye, a coal tar derivative is generally 
preferred, displacing anatto, which is open to 
objection by reason of its}method of eee 
Two ag pee of dyestuff Rehm do 

mi ine is approximately the usual 

At {this stage, in Continental practice, 10 per cent. 
of sesamé oil is"compulsorily [added, in order that 
chemical analysis may detect the character of the 
product, so jealously do the authorities watch the 
manufacture. 

The preparation of the milk used to flavour the 
margarine and also to act as an emulsifying agent, 
offers considerable scope for technical treatment. 
Some form of pasteurisation process is necessary in 
order to destroy the pathogenic bacteria and other 
micro organisms that would impart a disagreeable 
flavour to the product. Complete sterilisation of 
the milk is not possible, as the high temperature 
necessary would caramelise the milk sugar, and give 
rise to a burnt taste. Hence the heating of the 
milk is not carried beyond 65 deg. C., and it is then 
rapidly cooled, but the processes in detail differ 
in various factories, some preferring comparatively 
low temperature with long continuance, and others 
higher temperature for a shorter time. As a result 
about 95 per cent. of the total organisms are 
destroyed, and it is important to note that though 
the germicidal temperature of the dreaded tubercle 
bacillus is not definitely known, the authorities 
generally agree that this organism does not exist 
in milk that has been submitted to a temperature 
of 65 deg. C. for 30 minutes. When pasteurised 
milk is used in margarine manufacture it further 
undergoes inoculation with lactic acid bacteria, 
and the rapid curdling acidification, which follows, 
promotes conditions which are unfavourable for 
the development of any micro-organism that 
might escape the pasteurising process. In defence 
of a much maligned trade, it is important to bear 
in mixd that the interest of the manufacturer 
demands the maintenance of scrupulous cleanliness 
and hygienic purity of the raw milk used, for the 
flavour of the finished product is entirely dependent 
on the milk treatment before emulsification. 

The object of emulsification is to imitate the 
emulsion found in cream and milk, where the fat 
globules have diameters ranging from 0.01 mm. 
to 0.0016 mm. A fine and stable emulsion is 
absolutely essential in order to make a margarine 
of butter-like texture and consistency, and much 
skill and ingenuity have been exercised on the 
process. The production of a margarine emulsion 
presents many problems of interest to the colloid 
chemist and some of these the author discusses 
very instructively, but here we are considering only 
the mechanical operations. In practice, some form 
of “‘ margarine churn ”’ fitted with rapidly-revolving 
baffle plates or similar contrivances is employed, 
and the liquid constituents are slowly run in, con- 
stant agitation being maintained. About 30 gallons 
of milk and a similar quantity of water are used 
to a ton of melted oils and fats, but these quantities 
will vary according to the subsequent treatment 
of the emulsion, and the possible use of emulsifying 
agents as glycerine, gelatine, starch, &o, When 
emulsification is complete, the temperature is re- 
duced to about 30 deg. C., and the custard-like emul- 
sion is run off for cooling. The advantage of rapid 
cooling is to ensure the maintenance in the solid 
state of the intimate and finely-divided mixture. 
The more perfect the emulsion and the more rapid 
the cooling, the greater will be the resemblance 
in texture between the margarine and butter. 
Continuously fed churns have displaced the original 
churn, and various forms of friction disc 
to permit the fatty ingredients to be forced through 
small apertures, with other similar appliances have 
been employed, but the principle of the churn to 
ensure complete emulsification remains unaltered. 

Rapid cooling was originally effected by bringing 
be: ayer into contact with ice cold water, 
whence solid crystals of margarine could be 
skimmed off. An improvement was effected by 
discharging the emulsion on to a slanting chute, 
met by a sheet of icy water and this led 
naturally to the use of the ice water spray. Each 
ton of m ine made on the spray system 
required from 2,000 to 2,500 gallons of 
water at 33 deg. to 35 deg. F., and in conseqiience 





of this drawback, accompanied as it was by an 
increase‘in the moisture content of the 

other cooling devices have been employed. The 
f| form invented by Schou is favoured by the author, 
jowance. | and may be regarded as a master patent for many 


successors. In this apparatus, cylinders rotate in | im 


te directions and at adjustable distances 
from each other, the arrangement being such that 
the thickness of the spread and layer or film of 
emulsion distributed over the surfaces of the 
cylinders is determined by the smallest distance 
of the oylinders from each other. A cooling liquid 
circulates through the drums on to which the 
emulsion is fed automatically, so that a thin uniform 
layer is formed on the surface of the cylinders, | v 
which instantly solidifies and is stripped off, as 
flakes, by means of adjustable knives. 

Many variations of the general principle have 
been recommended and are in practice, but in all, 
the cooled emulsion requires further treatment to 
consolidate the mass into the form and appearance 
of butter. Rolling and kneading the mass in 
revolving drums calls for little remark, and ex- 
perience has suggested various methods to compel 
cohesion of the particles. Salt, preservatives, and 
flavours, or blended additions as they are euphe- 
mistically termed, may be introduced at this stage, 
but of preservatives it may be said that common 
salt holds its own and is decidedly to be preferred 
to the much vaunted boron compounds. Three 
per cent. of salt in a margarine sample, prevented 
any serious deterioration after three months’ 
storage, though other samples, containing over 
1 per cent. of boric acid, benzoic acid, and salicylic 
acid, respectively, were quite rancid. The author's 
own experiments confirm this result, and apart 
from the inefficient operation of boron as a germi- 
cide, physiological objections are alleged against 
its use in food. The attitude of the public towards 
margarine is so suspicious, that the industry cannot 
afford to disregard any additional cause of com- 
plaint, whether well or ill-founded. With regard 
to other additions, the public will endorse Mr. 
Clayton’s remark to the effect that “the truly 
desirable flavour of butter will be best secured by 
working with sound raw materials, good milk soured 
with a carefully-chosen culture of lactic acid bacteria, 
and a strict observance of hygienic conditions 
throughout.” 

This remark will be better appreciated after 
reading the author’s account of the treatment of 
renovated or “‘ process” butter, a product obtained 
by the clarification and subsequent re-working 
of butters of poor quality, or which have been 
deteriorated during transit or storage. By judicious 
manipulation, the rancidity and mouldiness are 
removed and all obnoxious odours and flavours 
are made to disappear, so that the finished product 
looks, tastes, and smells, like butter, and will 
deceive even the trained analyst, for chemically, 
such renovated butters are identical with genuine 
butter, and of the various tests proposed to detect 
the inferior article none is infallible and all fail to 
respond at times. The author enters very fully 
into the matter of tests, which are applied at various 
stages of the manufacture, so jealously is the 
production of margarine and its congeners watched. 
Much work is provided for the analyst, but we 
imagine that experience is often as useful as the 
most elaborate of chemical or physical tests, that 
aim at exact quantitative analysis, for it is admitted 
that margarine can now be made of such a variety 
of oils and fats, that though in some cases a definite 
composition can be assigned, yet in many, only a 

statement of fairly wide percentage 
limits can be given. 

This difficulty in determining the composition of 
margarine operates to the disadvantage of the trade 
in inquiries relating to food values. Margarine and 
butter have practically the same coefficients of 

ibility, and it has been shown fairly con- 
clusively that oleo-margarine can replace genuine 
butter in the diet without detriment. But the 
estimation of the nutritive value of foodstuffs rests 
on other data than digestive qualities, or on the 
relative proportions of protein, fat and carbo- 
hydrates which have hitherto sufficed. Researches 
in bio-chemistry have indicated that there are food 
constituents too minute in quantity to contribute 
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pacts Ai fl nr ew the body, but which con- 
ceivably [act as catalysts in the normal?metabolio 
processes. These ree go whether 
they be known as “ vitamines,” py» Mpa 

colnainal: Seren. of *Ouh-entebie able A,” y no un- 

d path in the antenal ecenceiy, end wide 
dbeindaat tir butter Sot, are eulleciy aheets tn tent, 
hydrogenated “oils, and From this 
point of view, such substances but indifferent 


substitutes for butter, ege volk, or even cream 
and milk. 

Margarine prepared from;beef fat and oleo-oil may 
possibly be equivalent to \butter, but nut butters 
and margarines whose base is hydrogenated 

vegetable oils must be held to}be destitute of the 
“* fat-soluble accessory substance.” On this 
it is recommended that children should 
be fed on butter, but it is confidently asserted that 


adults possessing stronger tus may 
with absolute impunity rep butter by either 
oleo or v: ble margarine, provided an adequately 


varied and balanced dietary is maintained. 


The quantity of margarine now consumed is 
attaining such proportions that its comparative 
efficiency as a diet cannot be overlooked. Mr. 
Clayton is more than justified in considering his 
subject from many points of view, and in each it 
will be found that he has something novel and 
weighty to say. He himself has taken a prominent 
part in many experiments, and investigations 
designed to illuminate obscure ts in the manu- 
facture, and this knowledge at first hand is freely 
drawn upon in the volume we have reviewed. 





Wirelesa Transmission of P’ 
MARTIN. Second edition, 
London : The Wireless Press, Limited. [Price 5s. 

Tuts is the second edition of a work, in which 
the author, a few years ago, described the process 
for transmitting photographs by wireless telegraphy. 
We are not able to record the amount of p 
made in this development of a method that had ary ou 
successfully employed when operating with a metallic 
circuit, because the exigencies of war have inter- 
rupted experiments that were hopefully commenced. 
And yet it may be recalled, that when the plan 
was introduced some ten years ago, it was urged 
that the adoption would be of great service to naval 
and military authorities, as any attempt on the 
part of an enemy to intercept the messages could 
be easily frustrated. As far as is known, however, 
the plan has not served military purposes. Perhaps 
it was found that if the enemy could not utilise the 
transmissions he could effectually “jam” them, 
with even more disastrous results than “ atmo- 
spherics,”” which the author assures us can “ be 
easily eradicated by “ retouching.’’ From geet 
cause, however, we gather that com 

has not been attained, and it may be that this book book 

is put out as an encouragement and reminder, that 

further efforts should be made to perfect the process. 

The encouragement would have been greater, if the 

author had presented a specimen of work accom- 

plished recently, and compared the result with 
earlier attempts, but unfortunately there is no 

reproduction of a photograph to serve either as a 

standard of excellence or to show the quality of 

achievement. 

The author maintains that for long-distance 
transmission of photographs, a reliable wireless 
system will prove both cheaper and quicker than 
transmission over ordinary land lines and cables. 
This view is formed upon the possible elimination 
of distortion effects, arising from varying capacit 
and inductance, where metallic conductors are 
This view is hardly warranted; it may, of course 
be urged, that ph phic transmission would be 
possible where telep. or telegraphic lines did 
not exist, but such conditions would also imply that 
an instructed society was also wanting, and 
photographs would be of little use. Since, too, 
distortion has been so effectively overcome by 
judicious “loading,” that it is possible to perceive 
the minute differences of the human voice and 
of timbre, little difficulty should be experienced in 
transmitting the gradations of tone or density, 
for the ag gpd of pictures differs from the 
transmission ordinary messages only in the 
weet at caine hel te a i 
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altered and the two stations are thrown out of tune 
For receiving, a special type of Einthoven galvano- 
meter was used, the metal string of which is shifted 
on the passage it of a weak current, the 
shift allowing a narrow beam of light to pass to the 
receiving film which is wrapped round a syn- 
chronously revolving drum, precautions being taken 
to secure identity of movement. 

Every worker probably introduces some modifica- 
tion in the apparatus, but little generic alteration 
need be anticipated. Some may substitute a filings 
coherer, and others a mirror galvanometer, and the 
Einthoven galvanometer may be used in various 
ways as shown in the apparatus used for high-speed 
transmission and reception in telegraphic work. 
The value of Mr. Martin’s book consists in providing 
a description of many of the modifications employed, 
and illustrating these by diagrams which permit 
the merits and drawbacks to be clearly seen. The 
directions in which improvements are possible are 
clearly indicated, and he uses the history of the past 
to warn others from repeating the mechanism that 
has been tried and superseded. Undoubtedly, much | am 
of the artistic merit in the final result will de 
on the fineness of the line-screen used, and on 
careful manipulation in the early stages. But the 
degree of fineness of the screen is itself limited by 
the mechanical efficiency of the entire apparatus, 
especially in synchronising the sending and receiving 
cylinders. The limit of error in synchronising 
should not exceed 1 in 500, in order to produce results 
suitable for publication, and there is room for the 
exercise of plenty of ingenuity in securing this degree 
of accuracy. The author describes the recogni 


oooupy a fixed and definite position « on the receiving 
apparatus. 

The history of invention is always interesting 
and Mr. Martin does well in presenting the steps 
that have preveded, and possibly directed, the 
development into its present shape. The forgotten 
experiments of de Bernochi, though unconnected 
with wireless transmission, properly so-called, and 
possessing but a very limited field of operation, were 
scientifically arranged, and aimed at a method of 
continuous reproduction that was artistically more 
perfect than is possible with the mechanical division 
of a picture into numerous small squares and 
successively signalling the absorptive power of each 
of these, by a process more or less discontinuous. 
Around a glass cylinder carried on a threaded screw 
shaft, capable of giving vertical motion to the 
cylinder, a fully developed photographic film was 
wrapped and a powerful lamp was focussed on a 
point of the film. As the cylinder was rotated and 
simultaneously made to travel vertically, the spot 
of light traced a spiral over the surface of the entire 
film. The light having passed through the film 
and been absorbed according to the density, next 
fell on a selenium cell, whose resistance altered in 
proportion to the light intensity, and by known 
means influenced the light of an are lamp, con- 
veniently placed in the focus of a parabolic reflector 
from which a parallel beam could be received at the 
distant station. Here the light of varying intensity 
passed through asimilar apparatus, in inverted order, 
and finally arrived at a sensitised photographic 
film, covering a cylinder which must move similarly 
and synchronously with the sending drum. 

The two fundamental devices of producing a light 
that shall vary in intensity according to the density 
of the picture, and the exact synchronisation of the 
sending and receiving apparatus, have remained 
unaltered, though the methods employed have 
necessitated alterations in detail. In the Bernochi 
experiment, the distance of transmission was 
limited by the necessity of the path of the rays from 
the parabolic reflector to the receiving mirror being 
unimpeded, and this defect is removed in the 
Knudsen process, which utilises wireless mechanism. 
He adopted the method of breaking the picture up 
into parallel lines, or bands, by inserting a single 
line screen between the lens and the plate upon 
which the photographic picture is recorded. The 
effect of this screen is to cover the clear parts of the 
photograph with narrow lines, wide apart, and the 
dark portion with wide lines close together, wider 
and closer according to the density of the original. 
Knudsen used this artifice to obtain an iron-dust 
picture, in which the quantity of metal varied with 
the density of the picture. On sprinkling iron dust 
over the plate before it was quite dry, more dust 
adhered to the darker and consequently moister 
portions than to the lighter and drier. A steel 
needle, attached to a delicate spring, being made 
to pass over such an uneven surface will be made 
to vibrate, and by this vibration make and break 
the battery circuit of a spark coil, which can be made 
to set up sparking in the spark-gap of a wireless 
apparatus. In this method the variation in density 
is made to determine the length of time the current 
is passing, and much of the success must depend 
upon the distribution of the iron filings. When a 
stmilar spring and needle is placed over a smoked 
glass at the receiving end, suitable apparatus can be 
arranged to make the needle vibrate upon the 
smoked glass plate in unison with the needle at the 
transmitting station, reproducing the original 
picture. But to get the crudest result synchronisa- 
tion in the movements of the plate carrying the iron 
dust picture and the smoked glass plate must be 
effected, and ingenious airangements have been 
devised which it is not necessary to describe. 

To Professor Korn, who obtained very practical 
results on telegraph wires and demonstrated the 
possibilities of the selenium cell, we owe further 
advances. He retained the metal cylinder and 
stylus, but dispensed with the iron dust, which was 
a very uncertain factor. He photographed the 
picture in insulating ink, arranged about the drum 
in such a way that when the stylus passes over an 
insulating strip the waves ted are in tune 
with the receiving station, but when passing over a 
conducting strip, a portion of the inductance is 
short-circuited, the period of the oscillation is 











































































methods for obtaining this degree of delicacy of 
adjustment and in very considerable detail calls 
attention to an apparatus, he himself has designed, 
for ensuring exact duplication at the two stations, 
Also, he gives a method of transmitting and 
receiving that after much experience he has found 
to act most trustworthily. An apparatus usually 
performs better in the hands of the inventor than in 
those of others, but Mr. Martin claims that the 
difficulties of earlier systems have been entirely 
overcome, and that his device can be worked with 
ease and satisfaction. Of the latter quality we 
should have been in a better position to judge if he 
had given some specimen of his work. We believe 
that those engaged in similar experiments will be 
glad to see his method described, and to have the 
advantage of his long experience. Some very 
practical hints are included in appendices which are 
not to be found in the earlier edition, and these, too. 
should prove of assistance. 





Higher Mechanics. By Horace Lams, 8c.D., LL.D., 
F.R.8., lately Professor of Mathematics in the Vietoria 
University of Manchester. Cambridge University 
Press, 1920. [Price 25s. net.] 

THe author is well known as the writer of mathe- 
matical treatises, that have obtained a wide 
reputation and are valued alike by the student and 
tutor. The present work is an extension (though 
independent) of similar treatises that have already 
appeared on statics and dynamics, and exhibits the 
same refreshing form and stimulating character 
that distinguishes those works. The book treats 
of three-dimensional kinematics, statics and dyna- 
mics, and Professor Lamb conjectures that the 
demonstrations will be readily followed by those 
who are conversant with ordinary two-dimensional 
mechanics. It is important to note that Professor 
Lamb has had long experience both as a writer and 
teacher, and we may conclude that in the works he 
has written with pedagogic intention, he has 
indicated the manner in which he considers 
mechanics should be taught, and the order in which 
the several subjects should be attacked. Very 
considerable weight will be attached to his con- 
sidered opinion, and in the book under review, 
while introducing some subjects, sufficiently 
abstruse, the general theory of the differential 
equations of dynamics is left untouched. 

The book claims to be elementary, presumably 
in the sense that it deals with fundamental principles 
and treats them concisely, avoiding over elabora- 
tion. The student should value this concentration 
on the fundamental processes, that materially 
assists the systematic solution of problems. And 
it is, too, a further pleasing feature that the reader 


is brought into , contact with the minds}that 
have first pondered over and solved the problems 
which have perhaps become the commonplaces of 
modern mathematics. Euler and Poinsot, Hamilton 
and Lagrange seem very near to us, as we renew 
Aequaintance with principles enunciated by these 
masters, and we better appreciate the disciplinary 
value of science teaching when following the path- 
ways that these great minds have explored. 
The book opens with a discussion on the several 
of freedom, leading to an interesting chapter 
on statics introducing the subject of “ null systems ” 
and the theory of screws as developed by Sir Robert 
Ball. Two well-arranged chapters, concise and 
pithy, follow on moments of inertia and the in- 
stantaneous motion of a body, in the latter of which 
we meet with a phase of the old problem of the 
precessional motion in a novel form. Among the 
illustrated examples is given a discussion of the 
relation between the angular velocities in a 
Hooke’s joint, affording convincing evidence that 
while Professor Lamb allows his pupils to wander 
among the bewildering mazes of “ polhode ” and 
“ herpolhode,” he is willing to apply dynamical 
principles to human needs and human experi- 
ence. Gyrostatic problems in which the preces- 
sion of the Earth’s axis naturally occurs, are not 
discussed till Chapter VIII, where the “ intrinsic ” 
equations of the gyroscope are deduced and made 
to contribute to the solution of a number of pro- 
blems. The gyrostatic compass and Schlick’s 
device, whereby a flywheel maintained in rapid 
motion serves to diminish the rolling of a ship, 


gnised|again illustrate the connection between refined 


mathematical analysis and mechanical handicraft. 
The aeroplane might have afforded other illus- 
trations, or possibly limitations, to the applica- 
tion of this mechanism. Aircraft, however, is not 
omitted from consideration. A discussion of the 
equations which give the conditions for longitu- 
dinal and lateral stability is appropriately reserved 
for the chapter on moving axes. 

It is to be hoped that this imperfect catalogue 
will give some idea of the ground covered, but it 
would fail altogether to give any idea of the value 
of the treatise, if no mention were made of the 
examples and problems attached to each chapter. 
These problems are distinctly educative; they 
appear to have been selected [specially to illus- 
trate principles and to promote exact thinking. 
By their use the student can determine whether he 
has mastered the machinery which analysis pro- 
vides, as is so ably explained in the text. 
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Roya. Instrrution.—The following lectures, among 
others, have been for at the yal Institution, 
before Easter : Professor J. Arthur Thomson, a course of 
lectures on the ‘‘ Haunts of Life,” adapted to a juvenile 
auditory,‘to begin on December 30; Sir Gerald P. 
Lennox-Conyngham, two lectures on the ‘“ Progress 
of Geodesy in India”; Sir James G. Frazer, two 
lectures jon “ Roman and English Life’; Dr. W. A. 
Herdman, three lectures on ‘“‘ Oceano; hy”; Mr. 
Frank Balfour Browne, two lectures on ‘“ Mason Bees 
and Wasps’’; Dr. George C. Simpson, two lectures 
on the “ Meteorology of the Antarctic’’ ; Dr. Perey C. 
Buck, three lectures on the ‘“‘ igal,”’ with musical 
illustrations by the English Singers; Professor A. 
Fowler, three lectures on “ Spectroscopy ” ; and Sir 
Ernest Rutherford, three lectures on “ Electricity and 
Matter.” The Friday evening tings will cor 
on January 21, when Sir James Dewar will deliver a 
discourse on “Cloudland Studies.”” Succeeding dis- 
courses will bably be given by Sir Frank Benson, 
Dr. A. D. Waller, Dr. F. W. Aston, Mr. Solomon J. 
Solomon, Dr. John Buchan, Sir Frederick Bridge and 
other Gentlemen. 








Water Surety iw Rurat Disrricts.—A Chadwick 
public lecture was delivered on Tuesday, the 7th inst., 
in the Lecture Room of the Royal Sanitary Institute, by 
Mr. Alexander Macmorran, K.C., and was entitled “ Some 
Legal Difficulties in Connection with Water Supply in 
Rural Districts.” After examining the duty, or obliga: 
tion, of Rural District Councils to provide a water supply, 
the lecturer compared the provisions of the Acts in force 
before 1875, with those of the Public Health Acts of 
1875 and 1878, which give powers to Rural Councils to 
compel owners of houses to provide water supplies. 
Points such as the construction of water works, purchase 
of water in bulk, acquisition of land, taking water from 
rivers and streams, and many other matters were dealt 
with from the legal standpoint, and the lecturer con- 
cluded by making some valuable and interesting sugges- 
tions for amendments of the law in relation to the 
pressing need for pure and copious water supplies in 
rural districts. Further ji of Chadwick public 
lect may be obtained from the Secretary, Mrs. Aubre 
Richardson, O.B.E., at the offices of the Chadwick 
Trust, 13, Great George-street, London, 8.W. 1. 
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“THE DOXFORD DIESEL ENGINE. 


Ir is with pleasure that we describe and record in this 
:| article the constructive features, the trial results and 
the test bed ruvning of the Doxford opposed piston 


solid injection two-cycle reversible marine oil engine. 
To see this large engine, illustrated in Figs. 1 and 2, 
on 838, running on its test bed in the makers’ 
works, leaves a most strongly-marked impression of 
its silence of running, its flexibility and ease of con- 
trol, only comparable with the most flexible of prime 
movers—the steam engine. 
further strengthened by the slight amount of steam 
to be noticed rising from the hot fresh-water outlets 
from the cylinder and piston jackets. The quality 
of running of this engine, later more fully to be ex- 
plained, indicates in fact an important advance in the 
development of the control of internal-combustion 
motors. The methods by which this end has been 
achieved will be described later. 

This complete engine represents the culmination of 
some twelve years of intensive experimental work and 
research, persistently pursued by Messrs. Doxford. 
Their investigations have included the building of two 
single-cylinder experimental engines, to be seen in 
running condition housed in atest house at their works. 
The first of these was a single-acting, two-cycle engine 
with cylinder head scavenging through four valves, and 
the second an opposed piston engine upon the test re- 

the design of the 2,700-b.h, . unit now 
under description is very iargely and foe « based. 
First, to describe the engine, the cylinders are 


-| designed to develop each a brake-horse-power of 675, 


and are thus the highest powered cylinders incorpo- 


*}rated to-day in a complete multi-cylindered Diesel 
“| oil engine. Four such units gives a total brake-horse- 


power - engine of 2,700. The largest Diesel engine 
at work is probably the Sulzer two-cycle land type 
engine developing some 3,000 brake-horse-power in 
six cylinders, or 500 brake-horse-power per cylinder. 
The brake-horse-power per cylinder, therefore, deve- 
loped by the Doxford engine marks in itself an advance. 
The imensions of the engine cylinders are 580 mm, 
(22 in.) diameter and 2 by 1,160 mm. (2 by 45-6 in.) 
stroke, divided equally between the upper and the 
lower pistons, By utilising a high mean effective 
pressure and the long stroke possible with the prin- 
ciples of opprerd piston construction, the power of 
675 brake-horse-power per cylinder is attained with 
a cylinder diameter of only 223 in., as given. For com- 
parative purposes, it can be stated that this cylinder 
diameter would give, with a normal four-cycle engine, 
having the usual stroke/bore ratio and piston speed, 
a b 
cylinder. 
The first impression, whether gained from an inspec- 
tion of the engine or the illustrations, will be that 
it is very high. When gauged relative to the main 
connecting rod, this is so; but it must be remembered 
that the main connecting rod only serves one piston 
operating through 45-6 in. or half the total stroke. 
idering, as is correct, this engine to be virtually 

of 7-ft. 7-in. stroke, the height is then seen to be 
proportional to the stroke, In any case, for general 


. | marine work, head room is available, and a low engine, 


unless in exceptional cases, is not required, 

There is no need to describe the principle of opera- 
tion of opposed piston engines, with oppositely-moving 
pistons, the lower coupled to the central and the upper 
by side rods to the two outer of the three cranks per 
unit crankshaft, since this system will be generally 
familiar, With the opposed piston type of construction 
there is no cylinder head, the oppositely-moving pistons 
take the force of combustion upwards and downwards. 

Only when utilising the Diesel principle of operation 
whereby the fuel is not introduced into the cylinder 
until required for combustion, can the full advantages 
of the opposed-piston type of construction with its 
end to end scavenge, be realised. With gas engines 
constructed on this principle, for instance, not only 
is pre-ignition somewhat difficult to avoid, but there 
is always a certain appreciable loss of a a fuel 
through the exhaust ports, so causing a relatively high 
fuel consumption. 

The essential feature of the construction of this 
type of engine is the cylinder liner, which is a simple 
h~ % grooved, in the case of the Doxford engine, 
on the outside for water circulation, and provided 
at the lower end with scavenging air entry porte, 
giving the air an upward sweep, and at the upper 
end with exhaust ports well rounded at the corners 
and designed for strength, This liner, over. the 
working portion of the length is pressed into a water 
jacket, and in the centre, in way of the combustion 
chamber has the necessary holes for the two fuel valves 
and the air-starting non-return valve. At the lower 
end the liner is pressed into a continuous entablature, 
forming a scavenging air reservoir and at the top into 
an exhaust box communicating with the exhaust 
manifold running the length of the engine. This 





exhaust box is supported from the entablature by four 






A first impression is 


-horse-power of only some 150 to 170 per 










columns, rendering very accessible the cylinder barrel 
in way of the combustion chamber as well as the 
valves these located. This will be clear from the 
illustrations. 

Tt will, of course, be realised that with the prin- 
ciple of opposed piston there are no tension stresses 
in the engine framing. The forces consequent upon 
explosion are contained within, and transmitted entirely 


by, the fo moving members, the top cross piece, 
the side and the three connecting rods. On the 
top of the exhaust box are the guides for the top 


piston. The entablature contains the circular guides 
for the side connecting rods, and the main columns, 
four per unit, support the entablature and take the 
thrust of the main connecting rods. The crankshaft 
is built up, and the 13 cranks (three for each cylinder 
and one for the scavenging pump) are carried in six 
main bearings. These bearings have spherical bushes, 
and so can oscillate about their centres to accommodate 
any shaft flexure. The scavenging pump, double-acting 
with automatic plate valves for the piston, is driven 
from a central crank, and delivers its air right and left 
to the entablature reservoir. The air is drawn in 
through the hood at the top of the pump and enters the 
hollow piston rod. 

The top main piston is coupled to the side rods b 
a beam with pin points and bearings at bot 
sides, is type of construction allows for any 
movement of the crankshaft and allows also for differ- 
ences in length and setting of the side rods. Both the 
main pistons are easily accessible, the upper drawn up, 
after the dismantling of the two guides and discon- 
necting the side rods, and the lower drawn down into 
the large crank chamber when the middle and main 
crosshead is dissembled. 

The valve gear is simple, because of the reduction 
of the numbers of valves per cylinder to the minimum 
of two fuel injection valves, one at the front and one 
at the back, one non-return air-starting valve and one 
safety valve. There are two cam shafts, one at the 
back serving to drive indicator gear, ‘‘ vacuum” type 
force-feed lubricators for the cylinders, and the four 
fuel valves, and one at the front for the four fuel 
valves and starting air valves. These two cam shafts 
have separate drives by spiral gearing from the crank- 
shaft. For astern running it is interesting to note 
that beng the front cam shaft and fuel injection valves 
are . It is generally preferred in order to obtain 
accuracy of cylinder indicator diagrams, to drive the 
inlicator from the engine crosshead.. In this case, 
although the cam shaft is used, special cams and motion 
gear have been designed accurately to represent the 
piston motion, 

Reversal is effected by rotating by means of the 
large hand wheel, the usual valve lever fulcrum shaft 
upon which the various fuel and starting air-valve 
levers are eccentrically mounted, and when this 
rotation lifts the rollers from off the cams, the cam 
shaft, by means of a hand lever, is shifted fore and aft, 
so bringing into position the cams for fuel injection 
and starting air valves for the reverse direction of 
rotation, urther operation of the fulcrum shaft, 
brings into play the four starting air valves, and then 
the four fuel valves. The fuel pumps are grouped 
together and are of massive forged-steel construction, 
suitable for the full-power working fuel pressure of 
about 10,000 lbs. per square inch. The drive is 
unusual, but is quite rational when the delivery 
pressure of 10,000 lbs. per square inch is considered ; 
it is from a spur wheel seen in Fig. 1, keyed on the 
main shaft at the after end of the engine. These pum 
deliver to a junction box on the column abaft the 
starting position when the four deliveries can be 
connected up, giving the so-called “common rail” 
system, which is the F Aya generally adopted for this 
engine, or alternatively each pump can be conducted 
to its own cylinder, so enabling a defectively-working 
pump or fuel valve to be readily isolated. The common 
rail system whereby all the deliveries from the pumps 
are connected, gives a steady pressure and tends to 

7 power per cylinder. These pumps are 
controlled in the usual way by the holding open of the 
suction valves for a longer or shorter period of the 
pump revolution, either from the hand wheel or from 
the Aspi emergency governor, Since this design 
will be installed as a single-screw unit, an interesti 
provision has been made. Adjacent to these fuel 
pumps and separately driven is an exactly duplicate 
set, which can immediately be set in motion and 
coupled up by one pin to the main engine contro 
gear, so that the most vital unit in the engine, if 
working defectively, can immediately. be cut. out, and 
its duties taken up by this spare set. This provision 
is a good example of the care and foresight displayed 
in the design of this plant. 

The designers of this engine have adopted a new 
system of engine cooling. The ribs in the liner already 
referred to enable the lines thickness to be decreased 
by giving support, from the cylinder itself, against 
anternal pressure and also increase the velocity of 
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flow of the cooling medium; but the chief interest 
is centred in the use of fresh water for the piston as 
well as for the cylinder ——- This water is supplied 
from a separate pump in a closed system with a salt- 
water cooler in the circuit. The use of fresh water 
admits of a much higher temperature being carried 
in the pistons and cylinders, than would be permissible 
with sea water, due to the risk with the latter, of the 
deposition of salt, when quite a moderate temperature 
is exceeded. The separate disc from each 
piston and cylinder, led into funnels at the front of 
the engine, all provided with thermometers, recorded 
at full power a temperature of from 150 deg. F. to 
160 deg. F. The water is led into both the top and 
bottom pistons by swinging pipes and rotating joints. 
Slight leakage of this fresh water at one of the joints 
from the forward engine lower piston was noticeable. 
The tops of the main pistons are of unique design, 
containing as they do forged steel blocks, designed 
so as to retain heat. Preliminary heating of the jackets 
by steam from a donkey boiler is necessary prior to 
the initial starting of the engine on heavy fuel oil. 

The whole of the main i are force-lubricated, 
as is now generally recognised as absolutely essential 
for Diesel engines, and the supply of oil is arranged 
from separate pumps. The pressure carried is from 
12 Ib. per square inch to 14 lb. per square inch. The 
whole engine when running is completely enclosed 
by light steel plate doors provided with smaller and 
easily remo doors for the quick examination of 
any bearing. The design of these doors is efficient, 
and the leakage of lubricating oil during the trials, it 
is pleasant to be able to record, was negligible. 

© consider in detail the running of this interesting 
Diesel engine. Due to the op pistons conferring 
advantages of rapid compression, to the initial heating 
of the jackets by steam, the solid steel block on the top 
of each piston, and the system of solid injection of the 
fuel, the engine is start-d very readily with starting 
air at low pressure. The maximum pressure of a 
air is 500 lb. per square inch, and since no air is 
to assist the injection of the fuel into the cylinders, 
there is no compressor on the main engine ; a separately 
driven auxiliary for starting air is provided. When 
the engine fuel system is primed, one revolution on 
——< air suffices to give sufficient momentum so 
that, the four fuel valves being immediately cut in, 
combustion commences and normal running ensues. 
The flywheel fitted is of moderate dimensions 
when the low normal speed of revolution of 77 revo- 
lutions per minute is considered. 

As an instance of flexibility, the e was, during 
the trials, run against suitable on the water 
brake at less than 20 revolutions per minute, firing 
with perfect regularity on all cylinders and with a 
clear exhaust, without any manipulation of the control 
levers to maintain continuity of 
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Fig. 1. 


maintained indefinitely. This performance will be 
fully appraised when it is realised that at low loads 
the lift of the cylinder head fuel valves is little more 
than one-hundredth of an inch. The ratio of 77 to 
less than 20 revolutions per minute, or 4 to l, is 
very exceptional for a slow-speed engine, and has not, 
so far, to our knowledge, been previously recorded. 
It is possible that with a larger flywheel a lower 
spsed could be attained if desired. 

At 20 revolutions per minute the momentum effect 
of the flywheel was n ble, the rotation of the 
engine being pero=ptibly jerky, the engine just passing 
the dead centres. At this speed the piston velocity 
is only a mean of 150 ft. per minute. The factors 
contributing to the performance are the even turning 
moment of the op piston engine, the solid injec- 
tion of the fuel, the hot piston top, the hot fresh 
water circulation of the jackets, the efficient design of 
the fuel injection valves and their nozzles, and the fine 
adjustment of the gear whereby at reduced loads the 
time and amount of lift of the cylinder fuel valve can 
so accurately be adjusted to the required minimum. 
Moreover, due to the method of retaining the heat of 
combustion, and to solid injection, the normal com- 
pression pressure is much lower than the a 
Diesel figure, and is of the order of 300 lb. per square 
inch. 

At over-speed the Aspinall governor, driven from a 
lever off the crankshaft, cut in and out, controlli 
definitely and regularly fuel supply from the fue 
injection pumps, even when the engine was set for 
full power, and all load was removed for a period. 

At full power the engine ran steadily and without 
vibration, the usual test of standing a penny on ed 
on the top of the engine being su ul. The only 
time that the exhaust was visible was on one occasion 
when changing speed rapidly, a whitish-blue smoke 
was for a moment emitted. 

The full-power rating of the engine is 2,700 brake 
horse-power, which, at 77 revolutions per minute and 
with the dimensions given, works out at a piston speed 
of 585 ft. per minute and a mean effective pressure, 
on a brake horse-power basis, of 93 lb. per square inch, 
a high figure with a clear exhaust for two-cycle engine, 
made possible by the end-to-end scavenge through the 
long cylinder obtainable with the opposed piston 
design. The scavenging air at full power 
was 2 lb. per square inch. The mechanical efficien 
of this engine will be high. The lubricating oil, 
eooling water, sea water and other pumps are separately 
driven. The compression pressure is low. e fuel 
used on these tests was a Mexican heavy oil, with 
22 per cent. asphalt and of the low calorific value of 
17,600 B.T.U.’s per Ib. With oil of high heating value 
the consumption is of the order of 0-42 Ib. per brake 
horse-power hour. The engine was, as we have 
bly silent. The only, and teed 
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absence of the usual valves contributes most largely 
to this result. The exhaust, not easily silenced with 
two-cycle engines, was particularly well muffled. 

One or two words of criticism may be offered. 
Whilst the ladders and gratings provided are ample 
for shop purposes, and are generally all-sufficient Gor 
instance, there is a grating inside the crank chamber 
for access to the crossheads), yet for marine work 
additional guards and handrails are required for abso- 
lute safety when in a seaway men are on the top 
platform. Furthermore, the design of the gear on the 
top, more particularly the water cooling leads to the 
top pistons, will no doubt be given increased clearances 
to lessen risks. The somewhat trivial nature of these 
adverse remarks indicates the most excellent impres- 
sion made by the engine. 

The engine with which we have been dealing is 
undergoing a series of exhaustive trials before being 
fitted on board. A number of similar engines are 
being built for installation as single-screw units in sister 
vessels, and the first of these, the Yngaren, of 430 ft. 
length by 54 ft. beam and 25 ft. 6 in. draught, is 
already launched. 

All the auxiliaries will be electrically driven, with 
current supplied from three 70-kilowatt two-cylinder 
Doxford opposed trunk piston Diesel engines with 
cylinders 7 in. diameter, driving direct-current gene- 
rators. These auxiliary engines, three for each ship, 
therefore, closely resemble the main engine in all the 
essential features. We look forward to publishing 
later in full the results of the further trials of this 
most interesting engine in the shops, as well as in the 
ship at sea. 





Tue CeLLuLoww Inpustry.—According to Dr. F. 
Sproxton (Journal of the Society of Chemical Industry, 
October 30), Great Britain alone of the allied countries 
was able to supply celluloid at the outbreak of the war. 
The demand for celluloid, as a substitute for ebonite, 
gises, metals and wood, rapidly assumed surprising 

imensions; cutle handles, pumps, mudguards, 
windscreens and other motor and cycle accessories ; 
telephone mouthpieces; eyelets for ts; accumu- 
lator cases being among the many celluloid articles 
wanted. In the manufacture of celluloid dried nitro- 
cellulose from paper, is worked into a jelly with camphor 
and alcohol; the pigments and dyes are then added, 
and the material is manipulated on hot rollers and 
pressed into blocks or extruded ; the blocks are sliced 
on planing machines, and the sheets are seasoned in 
stoves to drive off the excess solvent. The celluloid of 
kinematograph films burns so fiercely because it contams 
a highly-nitrated cellulose. A substitute for camphor 
has not yet been found. Cellulose acetate, an acetyl! 
cellulose dissolved in acetic acid, can compete with 
celluloid in some fields, but is less uniform because 
the temperature control of the very viscous solution 
is difficult. The material is less tough than celluloid 
and more expensive on account of the acetic acid ; 
it is valuable as a base of aeroplane dopes since it 
draws the fabric taut, and is preferred for these uses 
because it is non-inflammable. 
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Fig.11. FRAME 16. LOOKING FORWARD. 









Fig.10,FRAME 140. LOOKING AFT. 
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Tue photographs and drawings reproduced on this 
and the opposite pages, and on Plate LXXIV, which 
accompanies this issue, illustrate a somewhat ynusual 
type of vessel recently constructed by Messrs. Yarrow 
and Co., Limited, of Scotstoun, Glasgow. Itis{a steam 
yacht named Cutty Sark, and it was designed and built 
by,the firm for Major Henry Keswick, of Dumfries. 
From the half-tone engraving, Fig. 1, on the opposite 
page it will be seen that the vessel bears a close 
resemblance to a modern destroyer and the hull is, in 
fact, exactly similar in form to many destroyers built 
by Messrs. Yarrow during the war. 

The length of the vessel is 273 ft. 6 in. overall and 
the beam is 25 ft. 7} in., the Thames Yacht tonnage 
being 857-5 and the contract speed 20 knots. She 
is propelled by two sets of compound impulse turbines, 
also constructed by Messrs. Yarrow, each driving a 
separate propeller through single-reduction gearing. 
As the Cutty Sark is intended to be used for long 
voyages, both high-pressure and low-pressure turbines, 
and their nozzles have been designed with a view to ob- 
taining the maximum economy in fuel consumption and 
the results obtained on trial, we understand, have more 
than satisfied the owner in this and all other respects. 

The general arrangement of the machinery is shown in 
Figs. 2 and 4, and also in Figs. 6 and 7, on Plate LXXIV. 
Steam is supplied by two Yarrow water-tube boilers 
arranged for burning oil fuel on the Yarrow system. 
They work under forced draught and are placed in 
a single boiler-room having a common stokehold in 
which two main and one auxiliary feed pumps are 
also mounted. The oil-fuel heaters, and two fan 
engines, the latter clearly shown in Fig. 6, are also 
placed in the stokehold. The condensers, which are 
of the Weir “‘ Uniflux” underslung type, with riveted 
steel bodies and brass tubes and tube plates, are shown 
in Figs. 2 and 7. Two Dual air pumps, an evaporating 
and distilling plant, two forced lubrication pumps, 
and two circulating pumps are also fitted in the engine - 
room, and the auxiliary machinery also includes a 
fire and bilge pump, a centrifugal pump for salt water 
Service, a direct-contact feed heater and two electric 
lighting sets, one of which is driven by a steam engine 
and the other by an oil engine. 

The trials which were carried out in the Firth of 
Clyde, were entirely satisfactory, the fuel consumption 
at all speeds being lower than was anticipated. The 
mean speed on the Admiralty deep-water mile at 
Skelmorlie was 21-63 knots, and at this speed the mean 
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propeller revolutions were 409 per minute The steam 


pressure at the boilers was 225 lb. per square inch, 
and at the high-pressure turbine nozzles 160 lb. per 
square inch. The vacuum was 28-7 in. of mercury 
and the air pressure in the stokehold 23 in. of water. 
On the cruising trials a mean speed of 15-26 knots was 
obtained with the propellers running at 288 r.p.m., 
the steam pressure at the turbine nozzles then being 
150 lb. per square inch and the air pressure in the 
stokehold 14 in. of water. 

The owner’s accommodation consists of a suite of 
rooms in the after deck-house, shown in the plan, Fig. 3 
and includes two bedrooms, and two sitting rooms, 
with bath rooms and lavatories. Aft of these rooms 
is the entrance hall, or lounge, adjoining which is 
a shelter open at the afterend. Over this deck house, 
which is 54 ft. long, is a promenade deck. From the 
entrance hall a staircase leads to the lower deck, where 
there is a boudoir, and also four guests’ cabins, each 
with its separate bathroom and lavatory. In the 
forward deck house on the main deck is the owner’s 
dining room and smoking room. A corridor arranged 
on the starboard side through the machinery spaces 
provides communication between the accommodation 
aft and the accommodation forward for the owner’s 
use in bad weather. This corridor is fitted with a 
watertight door at each end. At the forward end of 
the corridor there are three more guests’ cabins with 
two bathrooms and lavatories. Forward of the 
machinery spaces are the crew’s galley, owner’s galley, 
cook’s pantry, servants’ mess-room, and cabins for the 
chief steward and chef. A drying room is fitted with 
steam-heating and an exhaust fan, and there is also 
a refrigerating machine and a cold-store room. The 
officers’ and crew’s quarters are arranged in the fore- 
castle as shown on the deck plans, Figs. 3 and 4, on 
Plate LXXIV. Above the owner’s dining room is the 
captain’s cabin, wireless office, and the observation 
room shown in the plan, Fig. 9, on the present page, 
and over these again are the chart-house and naviga- 
tion bridge, a plan of which is given in the top right- 
hand corner of Plate LXXIV. A transverse section 
through this part of the ship is shown in Fig. 12 on 
the upper part of this page. 

The owners’ and officers’ quarters are finished in 
mahogany with light wood panelling, and care 
has been en to avoid all corners where dust or 
moisture might collect. Double awnings are provided 
over all living spaces with side curtains to the gunwales 
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as shown in the cross-sections, Fig. 7, on Plate LX XIV, 
and Fig. 8 on the opposite page. There is a complete 
system of hot and cold sea-water supply, in addition 
to hot and cold fresh water in the bath rooms, and 
two fans and a system of trunking are fitted, to 
supply hot or cold air in addition to natural venti- 
lation. Steam and electric radiators are fitted in the 
living spaces. The vessel is lighted throughout by 
electricity, current being supplied by the steam and 
oil-driven dynamos previously mentioned. 

The fuel capacity is such that the vessel can steam 
5,500 nautical miles at 15 knots without refuelling, 
or about 7,000 miles at 12 knots. She has already 
steamed a considerable distance, encountering moderate 
seas at times, and the owner has expressed his complete 
satisfaction with her performance. 








THERMODYNAMIC CYCLES OF INTERNAL- 
COMBUSTION ENGINES. 


Thermodynamic Cycles in Relation to the Design and 
Future Development of Internal-Combustion Engines.* 
By Wa. J. Watxer, Ph.D., of the College of Technology 
Manchester, Associate Member. 


1. Introduction.—The notes comprised in the paper 
to be given here represent an endeavour to place upon 
a practical working basis the application of thermo- 
dynamic theory to the science of internal-combustion 
engineering. ‘lhis particular branch of engineering has, 
of recent years, outgrown most others, one might say, 
in the interest and fascination of its accompanying 
problems. It is hoped therefore, that little apology is 
required for giving some attention to a discussion of the 
more or less theoretical aspects of the subject, both 
from the point of view of possible future development 
and from the standpoint of design. 

The main portion of the paper, embodyi 
of perhaps much one-sided concentration, is based upon 
a fairly wide experience gained while carrying out tests 
on practically all kinds of internal-combustion engines, 
including those operated by coal- and producer-gas, 
oil engines of the Diesel and so-called semi-Diesel types, 
the hot-bulb oil engine and also high-speed petrol engines 
of the automotive class. It is but natural that constant 
association in this way with one particular branch of 
engineering should give rise to 4 ual formation of 
ideas regarding the many and various questions which 
continually compel the attention of those on 
such duties. Inevitably, perhaps, many controversial 
points are raised, but at the same time it is ho that 
some order has been restored to a subject which suffers 
at t from some lack of co-ordination. 

The outstanding feature in the thermodynamics of 
the internal-combustion engine, distinguishing it sharply 
from that associated with steam-engine practice, is the 
necessary inclusion of the variable fic heat factor 
in all fundamental analyses. Another point of difference 
(this opinion will probable be questioned) is that rela- 
tively little advantage is derivable from any application 
of the “ entropy”’ function to the discussion and eluci- 
dation of the phenomena involved. Accordingly no 
attention is given here to such application. 

2. Classification of Engine Types.—Some classification 
of the various existing and proposed types of engine 
will be attempted first in order to prepare the way for 
the subsequent portions of the paper. Classification of 
some kind, of course, is necessary in any subject which 
is to be studied with any presumption to scientific 
method. At the present time, owing to the somewhat 
chaotic state of internal-combustion engineering nomen- 
clature, this classification has become a matter of no 
little difficulty. Such terms as “ cycles of operation,” 
“method of o tion,” semi-Diesel, &c., are used with 
little or no nite meaning. Terms on a par with the 
last given are often employed in describing some parti- 
cular t of engine, but any indication of the principles 
on which the engine is operated will be looked for in 
vain in the particular term used. This confusion, 
arising as it has, out of the prevailing multiplicity of 


* Paper read before the Institution of Mechanical 
Engineers, December 17, 1920. 
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engine types, may not cause much inconvenience to 
those engineers well versed in modern practice, At the 
same time, however, it has been the author’s oe 
that to have an orderly and at the same time thorough 
grasp of the subject, some classification is very necessary 
other than those of the usual text-book origin, which by 
their incompleteness give rise to doubt and miscon- 
ception regarding the correct definition to be applied 
to some comparatively recent type of engine. The 
classification about to be described here will, it is hoped, 
be found comprehensive enough to include all existing 
or probable types. Briefly, it is based upon the three 
most important factors affecting the running of an 
internal-combustion engine, namely :— ; 

(1) The method of ignition employed to initiate 
combustion. This more or less determines the com- 
bustion efficiency of the engine. 

(2) The method of operation employed to carry out 
the thermodynamic cycle of the engine, This more or 
less determines the mechanical and volumetric efficiencies 
of the engine. 

(3) The thermodynamic cycle to which the working 
fluid is subjected. This more or less determines the 
thermal efficiency of the engine. 
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The first distinguishing factor, the method of ignition, 
may be classed under four heads, according as the 
combustion is initiated by— 


(a) Surface combustion. 
(6) Rlectric spark. 

(c) High compression. 
(d) Flame injection. 

it is interesting to note that (@) includes the earliest 
and also one of the latest methods of ignition, namely, 
the hot incandescent tube of early gas-engine days, 
and now the well-known “ hot-bulb” of a type of oil 
engine which has come recently into favour for certain 
classes of work ; (6) requires no comment, and (c) is, of 
course, the achievement of Diesel; (d) represents a 
method of ignition which has had little serious develop- 
ment, but it possesses an interest of its own to which 
reference will made later. 

The method of operation given as the second dis- 
tinguishing factor, includes only the two well-known 
four-stroke and two-stroke ‘nethods. The probability of 
others displacing these appears at the present time very 
remote. 

Figs. | to 3 have been drawn to illustrate the classes 
into which the third ee factor. the thermo- 
dynamic cycle, may be divided, ‘Thus in Fig. 1, the full- 
line diagram to the left represents the constant volume 
combustion cycle (C.V. cycle) with compression volume 
expansion. ‘This is the standard cycle for most modern 
engines. With the dotted rtion of the di 


m 
included in the full-line left-hand portion, the figure 
represents the C.V. cycle with entended expansion. 


So far as the author is aware there are no 


combustion cycle (C.P. cycle) with the same three divi- 
sions according to expansion. ‘The first division repre- 
sents the Diesel engine cycle, the second has no counter- 
part in past or existing practice, while the third is 
typified by the Brayton gas-engine cycle. 

Fig. 3 represents the class of cycle on which engines, 
such as the Blackstone oil engine, are operated, and is 
here called the dual combustion cycle* (D.C. cycle), the 
heat being imparted, some at constant volume and the 
remainder at constant pressure. This cycle is also 
divisible as before into three sections according to degree 
of expansion. ; 

It is interesting at this stage to turn the attention 
to an experimental engine of Sir Dugald Clerk’st which 
was certainly the first, giving a very close approximation, 
at least, to the dual combustion type of cycle. High 
compression was not used, the problem apparently 
being approached in a similar manner to that followed 
in a well-known and comparatively recent method of 
initiating combustion in Diesel engines employing heavy 
tar oils as fuel. In this method a small quantity of light 
spirit is injected for the purpose of producing a slight 





explosion or combustion at constant volume, thus 
raising the temperature of the working fluid to the 
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additional degree n to burn, at constant pressure, 
the heavy tar oil injected later. In the Cler ine 
air only was ee as in the Diesel engine, but 
the compression being low the temperature was not 
sufficient to initiate combustion when the compressed 
gas was injected, so a flame jet was used, this flame jet 
foram the function of the small quantity of light 
spirit in the type of Diesel engine already considered. 
This was the first successful attempt to employ the flame 

injection method of ignition. 
Other engines which are operated approximately 
on the dual combustion principle are the Sabathé engine, 
engine and the Trinkler-Kérting 





the De La Vergne 
engine. 

3. Combustion Processes.—It is well at this juncture 
to define certain quantities involved in the different 
cycles, particularly those quantities relating to the 
combustion processes. Since the combustion processes, 
in which present-day engineers are almost wholly 
interested, are those taking place either at constant 
volume or at constant pressure, it will be convenient 
to refer to those processes here in terms of two quantities 
which are defined as follows :— 

(1) The ratio of the pressure at the end to the pressure 
at the beginning of constant volume combustion, This 
ratio is denoted by a. 





(2) The ratio of the volume at the end to the volume 
at the beginning of constant pressure combustion. 
This ratio is denoted by p. 

A misconception* to which attention may be drawn 
here is the enn that the efficiency of the constant 
pressure combustion cycle is, theoretically, adversely 
affected by the addition of heat at constant volume, as, 
for instance, when a small quantity of oil burned at 
constant volume is used to facilitate the combustion of 
heavy tar oils. The formula for the efficiency of the 
D.C. cycle with suction volume expansion, assuming 
constant specific heat, can be shown to bet 

ap’ —1 \ 


1 
a=1l- =1{ - (dl 
Ms wh a-lt¢yeGo-) " 


where r = compression ratio 

specific heat at constant pressure. 
specific heat at constant volume. 

If the curves are plotted by means of (1) showing the 


variation of efficiency yz with a, it is readily apparent 
that the efficiency increases with a, when r and p are 





and 7 = ratio of 








constant. 
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The point may be raised, of course (and generally is), 
ual compression ratios is not a fair 


that ~ basis of Jon-' . 
one for oses of comparison. It is justly claim 

that the nae should be that of equal maximum p . 
Even conceding this, however, it does not appear that 
there is any reason to condemn the in ction of 
additional combustion at constant volume into a cycle 
in which fuel is burned at constant pressure. Thus. 
in Fig. 4, the shaded area ade/f represents a normal 
Diesel engine diagram. This is compared with the com- 
plete figure abcdef representing another cycle of the 
same maximum pressure, but with a lower final com- 
pression pressure, combustion being initially carried out 
at constant volume to give an explosion pressure equal 
to the final compression pressure of the first cycle. 
It should be observed that this second cycle is the 
D.C. eycle with extended expansion. The efficiency 
expression for this has been obtained and is given in 
another paper.t It is sufficient to state here that the 
maximum efficiency condition of the cycle is given by 


(y-Y)rr-Ar*4Ba0. . 


where A and B are constants, ‘ 

Assuming that the maximum pressure is determined 
by r= 13 in the true Diesel cycle, the compression ratio 
giving maximum efficiency is found by means of (2) to 
be somewhere about 9 when p = 2. This gives a value 
ofaof1-+7. The variation of efficiency with compression 
ratio is given in this case by Fig. 5, where the maximum 

int is evident. Also, the higher the value of p, the 
ower is the compression ratio giving maximum efficiency. 
It thus appears that the efficiency of Diesel engines may 
be ji 


(2) 





in 
existence operating on this cycle at full load. The 
entire di represents the C.V. cycle with complete 
expansion. This is the cycle of the well-known Atkinson 
engine and also of the Humphrey pump. 

imilarly Fig. 2 represents the constant pressure 














*The Automobile Engineer, January, 
on “‘ Thermodynamic Cycles.” 

+ “The Gas, Petrol and Oil Engine,”’ Clerk and Burls, 
vol. ii, pages 264 to 269. 

t Proceedings, Am.Soc.M.<., 1911. 


1918. Paper 





e d by diminishing the compression ratio and 





* Internal-Combustion Engineering, 1914, page 286. 

+ The Automobile Engineer, January, 1917. 

t‘‘A New Thermodynamic Cycle,” ENGINEERING, 
vol. 109, page 467, April 9, 1920. 
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introducing additional combustion of fuel at constant 
volume as in the extended expansion cycle of Fig. 6. 

It is claimed, however, on behalf of the Diesel cycle, 
that its efficiency is in some measure due to the fact that 
the quantity of air necessary for the combustion of the 
fuel injected at maximum load is always appreciably 
less than that actually present in the cylinder. ‘The claim 
certainly has some truth in it, but nevertheless has 
nothing to do with any really inherent advantage to be 
derived from the use of so-called weak mixtures. 
well-known that the fundamental theory of the Diesel 
cycle shows that high efficiencies are to be realised 
with small values of p, and that if the mixture is to be 
strengthened (that is, if p is to be increased) the efficiency 
of the cycle must suffer. That fact, however, is no 
proof that richer mixtures ga | not be thermodynamically 
advantageous for use in other cycles. It is evident. 
of course, that in the D.C. cycle of Fig. 4 (page 848), 
a richer mixture must be used than in the corresponding 
Diesel cycle shown. Were it desired, however, to burn 
the same quantity of fuel per pound of air in the Diesel 
cycle as in the D.C. cycle, the efficiency of the former 
would suffer to an extent which would render it very 
much further at a disadvantage in comparison with the 
efficiency of the D.C. cycle. Flame temperatures will 
be higher in the D.C. cycle, but the extent of these does 
not appear to offer any insurmountable difficulties in the 
way of the adoption of the cycle. There are besides, 
well-known methods of keeping down flame tempera- 
tures. 

It may be considered that all that has been done in 
evolving this cycle is to continue further the expansion 


6. 
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of the original D.C. cycle with compression volume 
expansion. ‘This has already been suggested and carried 
out by several inventors, notably Atkinson, with the 
object of increasing the efficiency of the Otto or C.V. 
type of engine. That the efficiency would be increased 
is‘obvious, but the point to be noted is that either constant 
volume combustion or constant pressure combustion 
alone do not yield a maximum efficiency cycle at a medium 
compression ratio such as is given by the dual com- 
bustion method. The reason why such additional 
expansion has received little serious attention is due to 
the appreciable diminution in mean effective pressure 
which accompanies its adoption in the C.V. and ©.P. 
cycles. This objection does not hold to the same extent 
in the D.C. cycle. 

The high compression of the Diesel cycle is the main 
objection to its use for automobile and aero engines. 
The D.C. cycle offers a method of obtaining high efficien- 
cies without the excessive compression ratios of the 
Diesel engine. 

4. Variable Specific Heat.—The question as to how 
much of the variability of specific heat is apparent and 
how much is real does not greatly matter for present 

urposes. Some is probably due to real variable specific 

eat, some to cooling, a little to after-burning, and still 
less to dissociation. The experimental values available 
do not agree very well amongst themselves. The 
tendency at first was to look upon specific heat as varying 
with temperature. Later the B.A. Committee on 
us Explosions recommended that a term involving 

the square of the temperature be included. Values due 
to Pier and Bjerrum,* are, however, now available 





“(Zeit fur Elektrochem, 1909, vol. xv, page 536; 1910, 
vol. xvi, page 897; 1911, vol. xvii, page 731; 1912, 
vol. a 101. Zeit fur Phys. Chem., 1912, vol. 


y also The Automobile Engineer, February, 
1920, page 57. rae ae 











the assumption that the temperature-squared term 
possseses any great importance. The internal energy 
curves deduced from Pier and Bjerrum’s figures have 
very much less curvature at temperatures over 3,000 
deg. C. than those of the late Professor Hopkinson’s as 
deduced from B.A. values for specific heat. It is con- 
sidered that for all practical purposes it is sufficient 


~ | to formulate the closely approximate law that ‘‘ the 
t is | 


“‘apparent”’ specific heat varies directly with tempera- 
ture.” This assumption is in close agreement with the 
facts as given above. The inclusion of another term 
involving the square of the temperature is probably 
quite unnecessary for practical purposes. 

The value of the factor which gives the rate of change 
of specific heat with temperature is obviously one which 
ean be determined only by reference to the results of 
engine and explosion vessel tests. 

In this connection it is important to inquire briefly 
into the effect of engine speed and conductivity of 
cylinder walls upon this apparent specific heat factor 
by noting their effect upon engine efficiency. 

As recent experiments have shown, both on air-cooled 
and water-cooled engines of the high speed type, the 
actual thermal efficiency on brake Reser pewen’ fen for 
all good designs, somewhere between 25 per cent. and 
35 per cent. with compression ratios varying from 4-5 to 6. 
This compares well with the efficiency of the stationary 
slow speed gas or oil engine, and indicates that so far 
as thermal efficiency is concerned, the speeds of operation 
so far employed have little or no effect, provided that 
the engine is designed to give good volumetric and 


Fo.9. 






63.6) Mean Pressure in Lbs. per Sq. 
mechanical efficiencies. The independence of brake 
thermal efficiency upon speed has been very clearly 
demonstrated by this high-speed petrol-engine experi- 
mental work. ‘here seems to be but slight departure 
from accuracy, therefore, in stating that—the brake 
thermal efficiencies actually realised, approach, according 
to perfection of design, to a theoretical maximum, which 
is identical for all types of engine operating on the same 
thermodymamic cycle, and is independent of engine 
8 " 

In the case of the conductivity of the cylinder walls 
it has been found that the effect of low conductivity or 
bad cooling is to diminish the thermal efficiency on brake 
horse-power. This is clearly brought out in comparing 
tests of air-cooled engines with cast-iron and aluminium 
cylinders re: tively. In every case, however, in- 
vestigation shows that this diminution in brake thermal 
efficiency is due wholly to a diminished volumetric 
efficiency. When allowance is made for this diminution 
in volumetric efficiency, both the indicated and brake 
thermal efficiencies of both types are found to be practi- 
cally identical. Hence it may be enunciated that— 
provided that the conductivity or the effectiveness of 
the cooling system does not affect the volumetric 
efficiency to any appreciable extent, its effect upon brake 
thermal efficiency is negligible. 

According to the usual notation the formule expressing 
the relationship between specific heat and temperature 
are generally given as follows : — 


Kp = A+ 8ST + 8’T2 
K, = B+ ST + S’T? 
where A, B, A and 8S’ are constants and T is absolute 
temperature. 
The ratios . and - will be denoted by the symbols 


\ and )’. 


which throw considerable doubt upon the validity of 


The numerical value in foot-pounds units adopted by 
the author for the constants in the above formula, as 
conforming closely to pegs | accepted engine and 
explosion vessel tests are as follows :— 

Ky = 317 + 0.0623 T ft.-Ilb. per Ib. per deg. C. 
» = 220 + 0.0623 T ft.-Ib. per lb. per deg. C. 


* being considered negligible. 
From (4) 


(3) 
(4) 


A = 0000283. 

The acceptance of such figures can only be claimed on 
their agreement with values already obtained in engine 
tests, and this agreement appears to be, in general, 
fairly close. 

The following formula has been obtained by an 
extension of an analysis* already given in another paper. 
If »’ represents the theoretical thermal efficiency of any of 
the different classes of C.V., C.P. and D.C. cycles, then 
the indicated thermal efficiency to be expected from 
engines in practical operation will be given in each case 
to a first and close approximation by 


ray {t= CE oan)(p4) 


where Ta = initial compression temperature in deg. C. 
absolute. 

The expression in double brackets represents the 
“diminishing factor’’ due to the action of the “ appa- 
rent” variability of specific heat, 7’ being the efficiency 
of the cycle under constant specific heat conditions. 

5. Relations between the Mean Effective Pressures, the 
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Maximum Pressures and the Efficiencies of the Various 
Cycles.—The variable specific heat expressions giving 
the relations between the mean effective pressures, the 
maximum pressures and the efficiencies are somewhat 
lengthy, and for that reason are not stated here. 

igs. 6 to 10 have been plotted by means of the formule 
thus derived, giving the relationship between the most 
important quantities with which engineers, speciali 
in internal-combustion work, are intimately con 
The graphs given there have been subjected to a ~ 
deal of practical application and have been found to 
approach as near to the truth as it would appear to. be 
possible to arrive in any theoretical treatment of the 
subject. 

Referring first to Fig. 6, it will be observed that five 
different cycles are concerned, all of the incomplete 
expansion t; of present-day practice. The first is 
the usual C.V. cycle. The second is what may be called 
a variable volume cycle (V.V. cycle) and is represented 
by such a diagram as is given in Fig. 12 (page 850), in 
which the combustion line, ins of being vertical, 
leans over somewhat to the right as shown there. Here 
some further explanation is n . The symbol p’ 
in this cycle chosen as 1-2 in the example given, is the 
ratio :— 

Volume at end of combustion 


Volume at beginning of combustion 





The third, fourth and fifth cycles are of the dual 
combustion type with p = 1-2, 1-6 and 2 respectively. 
It is interesting to observe from Fig. 6 how the maxi- 
mum pressure of a cycle is diminished for the same mean 
effective pressure when the constant volume combustion 
rocess is slightly departed from to give a value of 1-2 
or p’ in the V.V. cycle. Fig. 9 (above) shows also 
that for this degree of departure from the standard 
C.V. cycle, the V.V. cycle actually has a higher efficiency 
under certain circumstances. This result is surprising, 
but close investigation into the matter has failed to 
indicate any error in the analysis or the calculations 
involved. ‘Che main reason for this was then seen to 
lie in the lower maximum temperature of combustion 
in the cycle with the sloping combustion line, so that the 
loss (according to constant specific heat theory) due to 
departure from constant volume combustion conditions 
is more or less counterbalanced by the diminution 
of the loss due to the variable specific heat. 
Fig. 7 gives the relationship between the mean effective 
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pressures and compression ratios of all the cycles, when 
the maximum pressures are respectively 300 lb., 400 Ib. 
and 500 lb. per square inch absolute. : 

Fig. 8 shows, for different compression ratios, the 
variation in m.e.p. with the cut-off ratio p of the D.C. 
cycle. It is interesting to observe here, how much more 
rapidly the mean effective pressures increase with p at a 
low compression ratio than a high one. 

Fig. 9, showing the relationship between thermal 
efficiency and mean effective pressure is a most instruc- 
tive diagram. It shows that :— 

1, The higher the compression ratio the more is 
constant volume combustion at a disadvantage compared 
with variable volume combustion. Thus, at a compres- 
sion ratio of 15, efficiencies for C.V. cycles having mean 
effective pressures greater than 60 lb. per square inch, 
are less than the efficiencies of V.V. cycles of the same 
mean effective pressures. 

2. The efficiency of the D.C. cycle with p= 1:2 is, 
for mean effective pressures above 60 lb. per square 
inch, always greater than the efficiency of the C.V. 
cycle. 

3. The diminution in efficiency with mean effective 

ressure becomes less as the value of p in the D.C. cycle 
increases and, if the value of p is great enough, may even 
show an increase with increase of mean effective pressure, 
as appears in the figure in the cases when p= 2. — 

Fig. 10, which shows the relationship between efficiency 
and cut-off ratio, indicates at a glance that maximum 
efficiency in all cases is in the neighbourhood of p = 1-2. 

Fig. 11 is a diagram which is given here in the hope 
that, in conjunction with Figs. 6 to 10, it will prove 
serviceable to those engaged in the design and testing 
of internal-combustion engines, The assumption made 
in the construction of this diagram is, that 1 lb. of the 
working fluid occupies 18 cub. ft. at 373 deg. C. absolute. 
and 13 lb. per square inch, and it is further assumed 
that this is the state of the mixture at the beginning 
of compression in any hypothetical engine. Conditigns 
certainly do not vary widely from this in normal cases 
working at full load. At the foot of the diagram the 
lines of quasi-hyperbolic shape and the straight lines 
radiation from the origin represent the adiabatic pressure- 
volume and general pressure-temperature relationships 
for the fluid under variable specific heat conditions. 
The intrinsic energy curve of the gas and the constant 
pressure energy line are both plotted against tempera- 
ture, 

Given the compression ratio and the heating value 
of the mixture to be used in the engine, it is possible to 
obtain from Fig. 11, with reasonable accuracy, the 
diagram to be expected in any yi poet cycle which 
is being considered for purposes of engine design. Con- 
versely, given the actual diagram from an engine, it 
is possible, by superposition of the diagram to the 
correct scale and in its correct position in Fig. 11, to 
determine readily the working temperature, &c., at 
any point in the cycle. The use of the diagram is best 
illustrated by describing specific efiamples. 

The first example is illustrative of high-speed aero 
engines using petrol. It is assumed that the theoreti- 
cally correct mixture strength, corresponding to a normal 
air/petrol ratio is equivalent to a heat supply of 
0-81 x 108 ft.-lb, per pound of cylinder contents. 
Following the lowest pv curve it is determined that 
when 1 Ib. of gas is compressed from 18 cub. ft. to 4 cub. 
ft. (that is, a compression ratio of 4-5, common to air- 
cooled aero engines) the final pressure is 107-5 lb. per 
square inch absolute. Striking across horizontally from 
this to meet the radial p T line representing a volume 
of 4 cub. ft., it is found that the temperature on the 
seale given is 650 deg. absolute, corresponding to an 
intrinsic energy of 0-15 x 106 ft.-lb. per pound. The 
total energy in the gas at the end of explosion will be, 
therefore, 0-96 x 10€ ft.-Ib. per pound, Finding this 
point on the intrinsic energy line and striking vertically 
upwards to meet the same p T line as before, gives a 
maximum explosion pressure of 510 Ib. square inch 
absolute, assuming constant volume combustion. From 
Fig. 6 (page 648), this gives an indicated m.e.p. of 
138 lb. per square inch absolute. Assuming the same 
m.e.p., but with variable volume combustion (p’ = 1-2), 
the maximum pressure, it appears from Fig. 6, would 
be only 415 Ib. per square inch absolute. 

The next example is taken from Mr. W. A. Tookey’s 
paper read before this Institution in 1914. A particular 
gas engine was cited giving 87-5 lb. per square inch 
rk working with a final compression pressure of 
135 Ib. per square inch absolute, and a mixture strength 
of 40-55 British thermal units per cubic foot, or 
0-57 x 108 ft.-lb. per pound of cylinder contents. From 
the diagram of Fig. 11, it is readily determined that 
18 cub. ft. of gas compressed from 14-7 Ib. per square 
inch to 135 lb. per square inch absolute, occupy 3-33 
cub. ft. This corresponds to a compression ratio of 
5-4, which is the same as that obtained by Mr. Tookey, 
although in quite a different manner. The intrinsic 
energy of the mixture at the end of compression is 
determined in the same way as before to be 0-16 x 106 
ft.-lb. per pound, giving a total intrinsic energy of 
0:73 x 108 ft.-lb. per pound at the end of explosion. 
This further co mds to an explosion pressure of 
485 lb. per square inch absolute, and from Fig. 12 it 
yay that constant volume combustion to this extent 

ould give 107 per square inch indicated m.e.p. The 
indicated m.e.p. of the engine, which was evidently in 
bad tune when Mr. Tookey first tested it, was subse- 
quently raised to 96 Ib. square inch, a decided 
improvement over its original value, but not as good 
as would appear to be obtainable. in a well-designed 
engine. 

‘he pressure values and diagrams thus obtained from 
Fig. 11, can, of course, be derived much more quickly 
than the time taken to describe the method would appear 
to indicate, and the principles of its use in conjunction 





with Figs. 6 to 10 as described, are readily and easily 
mastered. 

It is to be observed that mechanical efficiency is not 
included as a factor in the Lage a given in Figs. 6 to 11, 
so that in arriving at brake thermal efficiency or brake 
m.e.p. it is necessary to take this into account. 

6. Regeneration.—The raising of steam by means 
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of the waste heat of an engine and utilising this steam 
in @ high efficiency steam engine or turbine, is un- 
doubtedly the best and most practicable method of 
increasing overall efficiencies. The schemes so far 
ay eng or adopted, however, such as that typified 

y the recently-introduced Still engine, ap to suffer 
very much from an undesirable increase in the mechanical 
details of the engine structure. 

Some recent work carried out at the Manchester 
College of Technology (which it is “> will be published 
later) by a research student, R. Koivulehto, in con- 
junction with the writer, on the effect of water injection 
on the heat distribution in a gas engine cylinder has 
resulted in the determination of actual quantitative 
values relating to the amount of heat diverted from the 
jackets to the enhaust per pound of water injected per 

rake horse-power hour. 

In connection with this, the following regenerative 
scheme is suggested, experimental figures being adduced 
in evidence of its value. The proposal is that by running 
a multi-cylinder engine on a maximum efficiency dual- 
combustion cycle of compression ratio 8 or 9:1 an 
indicated thermal efficiency of over 40 per cent is 

ssible. By water injection a proportion of the 


jacket heat would be diverted to exhaust, resulting, say, 
in an exhaust discharge of comparatively low tempera- 
ture and containing 40 per cent. of the original heat 


uv Degrees 





contained in the fuel. Assuming 20 per cent. of this 
waste heat to be utilised in a high efficiency turbine of 
the Rateau type, the total overall efficiency would be 
raised to the neighbourhood of 50 per cent., and this 
without the introduction of any complicated steam- 
raising plant. The water injection also would serve 
to keep down tlie flame temperatures of the D.C. cycle. 


(Absolute) 


The following figures are typical of the results obtained 
in the above-mentioned water injection experiments :— 


Pounds of water injected per 


brake horse-power hour ... 0 1-3 
Exhaust gas temperature, deg. 

F. one an “ne --- 722 646-0 
Percentage exhaust heat : 27 44-0 
Percentage jacket heat ee 34 20-0 
Brake horse-power per cent, ... 33 30-0 








RADIOLOGY APPLIED TO THE TESTING 
OF MATERIALS. 


By A. P. M. Fiemrne, C.B.E., M.Sc.(Tech.), M.1E.E., 
and J, R. CuarKke, M.Sc. 

Introduction.—Throughout the history of engineering 
the testing of the materials of construction has always 
been a matter if utmost importance. Every improve- 
ment in quality has been eagerly seized by manufacturers 
and adapted to the refinement of design. Conversely, 
increasing knowledge of stresses and the competitive 
demand for Seatnetaie having lesser bulks and improved 
strengths have imposed upon the suppliers of materials 
the adoption of every means to ensure improvement 
and uniformity of quality. Particularly marked has 
this been the case in such developments as those of 
the motor and aircraft industries, where t strength 
and lightness are predominant essentials of the materials 
used. 


The means for ascertaining the soundness of engineer- 
ing materials have never ape | kept pace with require- 
ments. In the early days of the use of iron and steel, 
the safeguarding of quality depended upon visual 
examination of materials during their various stages 
of manufacture and application, coupled with a trust 
in the experience and knowledge of the workers asso- 
ciated with their production. At a later period testing 
appliances for determining physical characteristics were 
developed, and attention was also paid to chemical 
analysis. It has long been realised that these two 
means do not provide a complete knowledge of materials, 


* Paper read before the Manchester Association of 
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and afford little or no indication of internal physical 
defects.. The use of the microscope for the examination 
of the structure of materials added a most useful instru- 
ment to the existing means of inspection and testing. 
All these methods, however, only afford a means of 
examination of some small portion of a consignment 
of materials or a part of a structure, and give no guarantee 
of the quality and uniformity of those parts not actually 
so examined. 

The absence of means for detecting inherent flaws in 
materials that may be subjected to very considerable 
stresses, or for ascertaining the accuracy of assembly 
of complicated parts which are not susceptible of ex- 
amination in the finished apparatus, has opened up a 
field for the application of X-rays to the examination 
of engineering materials and appliances. The use of 
X-rays in surgical work is well known, and it is not 
surprising that advance in the art of radiology has led to 
attempts to extend its scope in these directions. Such a 
means would appear from the first considerations to 
supply the one feature wanting to render the facilities 
for material testing complete. 

The object of this paper is to consider to what extent 
radiology can be used to assist the engineer in testi 
materials, to indicate the limitations of the method as 
far as it has already progressed, and to suggest possible 
lines of advancement. The paper is not intended to add 
to the fundamental knowledge already gained by many 
prominent experimenters, but to present a general survey, 
having regard to the requirements of those who may desire 
to make practical use of this method of testing in works. 

For the benefit of those who may have had no occasion 
to consider the subject, a considerable part of the paper 
has been devoted to an explanation of the production 
of the principal phenomena associated with X-rays. 

2. Visible sak Invisible Rays.—When radiations— 
such as those of light and heat—emitted from various 
substances and sources are under consideration, a 
familiar analogy has frequently been found in the water 
waves that are propagated when a stone is thrown into 
apond. It is the modern view that all these radiations, 
the electric ene: that is used in wireless telegraphy, 
the heat energy that comes from fire, light energy and all 
invisible’rays which are, it is believed, of the same nature 
as light, are pro ted as waves, the difference between 
them being a difference ofjwave length, which is measured, 
as with the water waves, by the distance between two 
successive crests. The following table shows the 
sequence of the radiations measured by their wave- 
lengths in millimetres. 

Taste I. 
Wave-length in 
Nature of Radiation. Millimetres. 
Wireless telegraphy 


waves ... . -«» 15,000,000 -000000000 
Heat rays eee . 0 -005000000 
Red light rays ... éés 0 -000700000 
Invisible light rays— 

Violet light rays 0 -000400000 

Soft X-rays 0 -000000050 

Hard X-rays ... 0 -000000030 

Gamma rays ... 0 -000000010 


The eye is sensitive to a comparatively small range of 
wave-lengths only, roughly from 0-0008 mm. to 
0 -00935 mm., that is to say, sensitive only to light rays 
and to no others, even though they are of the same 
nature. It has been found that substances that are 
quite opaque to heat and light rays are transparent to 
invisible light rays. Thus, a thin sheet of lead is opaque 
to heat and light but transparent to the invisible rays. 

There is, however, a difference of degree also to be 
noted. For instance, a sheet of lead an inch thick 
will not transmit all the invisible rays but “y those 
of very short wave-length. When, therefore, a substance 
is said to be opaque to a particular kind of radiation the 
question of thickness inust be taken into consideration. 
All substances absorb all kinds of radiation to some extent 
It is the fact that different substances absorb X-rays to 
different degrees, that is the basis of the examination 
of materials by these rays. These invisible radiations, 
which penetrate opa;1e bodies, and whose presence after 
passing through them can be detected by the photo- 
graphic plate, are derived from two sources, viz., certain 
radioactive materials, and electrical discharge through 
@ gaseous medium. 

Rays from Radioactive Substances,—Of the radioactive 
substances radium is that best known. It emits rays 
which, as regards penetrating power and certain other 
characteristics, are not homogeneous, but comprise 
three types. Of these types, alpha rays comprise small 
particles charged with positive electricity, that travel 
with a velocity of about one-tenth of that light, and 
have a very low penetrating power. Beta rays con- 
sisting of minute negatively-charged particles have a 
velocity of from five to ten times that of alpha rays 
and very many times the penetrating power. Gamma 
rays have a penetrating power of the order of 100 times 
that of the beta rays, and are believed not to consist of 
electrified particles but to the disturbances of the nature 
of light of exceedingly short wave-length. Each of these 
three types of rays comprise a range of differing degrees 
of preening power. The most penetrating rays of 
each type compare in this respect as follows :—* 





Penetrating 
Power in Air. 

Alpha particles 7 cm. 
Beta particles see tos or 250 cm. 
X-rays are reduced to half intensity 

after penetrating about ... eee 10 m. 
Gamma rays are reduced to half 

intensity after penetrating about 115 m, 

: rays reduced to 1/100th the 

intensity after penetrating about 760 m. 


* Rutherford, “ Radioactive Substances.” 


Rays Produced by Discharge through Gases.—Air is 
well known to be a poor conductor of electricity at 
atmospheric pressure. As the pressure is reduced, 
however, the electrical conductivity increases until a 
certain degree of rarefaction is reached beyond which 
the conductivity —_ diminishes. The relation between 
pressure and the electromotive force required to cause a 
discharge of electricity across an air space is shown by 
the graph in Fig. 1.* 

The passage of electricity through a gaseous medium 
is accompanied by certain visible phenomena, which may 
be investigated by means of an electrical discharge tube 
arranged as shown in Fig. 2. 

A simple form of this apparatus consists of a glass 
tube so arranged that it can be slowly evacuated, and 
have sealed into each end metal terminals A and B, 
between which a difference of electrical potential can be 
applied. The terminal A at which the electricity enters 
the tube is called the anode or anti-cathode, and the 
terminal B, where it leaves, the cathode. 

When a sufficient difference of potential is applied 
to the terminals a spark passes between them, and as the 
tube is evacuated its interior becomes filled with a 
pinkish-coloured glow. If the pressure is still further 
reduced the glow gives place to a series of luminous 
strim, and at a very high degree of rarefaction the cathode 
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is surrounded by a luminous glow beyond which is a dark 
region extending ultimately until it occupies the rest 
of the space in the tube. Where this dark space reaches 
the walls of the tube the glass shines with a brilliant 
fluorescence, 

A solid substance interposed between the cathode 
and the fluorescent walls cast a sharply-defined shadow 
indicating the existence of radiations from the cathode. 
‘These radiations are known as cathode rays and consist 
of negatively charged particles termed electrons, their 
nature being independent of the residual gas in the tube. 
Where the rays strike the anode the heat developed 
by the impact may become so great as to cause platinum 
or even tungsten—which has a melting-point of 3,700 
deg. C.—to melt. This is a most important consideration 
which will be dealt with later. Except for possessing 
a lower velocity cathode rays are identical with the 
beta rays already referred to. 

In 1895 the German physicist Réntgen was workin; 
with an electric discharge tube which was evacua 
to such a de that the glass fluoresced. He was 
surprised to find that although the tube was completely 
enveloped in black paper a glass plate covered b 
potassium-platino-cyanide, which was on the tabi 
3 m. away, became luminous. The paper precluded the 
possibility of either visible or ultraviolet light, which 
might have produced the luminosity, reaching the plate, 








* Carr. Proc. Roy. Soc., 1903, 21, 374, 





so that there was evidently some new form of radiation 
emanating from the discharge tube, He found that [a 
thick piece of metal cast a sharp shadow when placed 
between the tube and the plate, while pieces of wood 
and similar materials cast shadows which were much 
less dense, showing that the radiations which produced 
the luminosity could traverse to a certain extent bodies 
which are opaque to ordinary light. His further ex- 
amination of this new radiation showed that it .was 
propagated in straight lines and was not bent in 

from one medium to another. He found that the power 
of the radiation to penetrato a substance depended upon 
its density, so that, for example, if a hand was p in 
the path of the rays, the bones cast a darker shadow 
on the screen than did the flesh. He traced the radiation to 
its source, which he found to be the region of the impact 
of the cathode rays on the walls of the tube. This form of 
radiation became known as X-rays or Réntgen rays. 

X-rays resemble in all respects gamma rays except 
that the latter are far more penetrating. X-rays travel 
in straight lines in all directions from their source, Unlike 
cathode rays thay are not diverted by the presence of 
the most powerful magnetic or electric fields, and in 
common with cathode rays they possess the power of 
exciting fluorescence, of affecting a photographic plate, 
and of making the air through which they pass con- 
ducting. Except that they are of v short wave- 
length they behave similarly to visible light rays. 

Among the various other properties PP ermigg A 
X-rays may be noted their therapeutic effects. 
it is well known that X-rays possess certain curative 
poogeuns the exposure of any part of the body directly 
to the rays may result in effects on the skin and under- 
lying tissues producing so-called X-ray burns. Frequent 
and prolonged exposure may result in cancerous growths 
and even more serious effects. This necessitates the 
greatest care in the protection of the tay hg sr 
and the methods adopted in practice for this purpose 
will be discussed later. 

The penetrating power of X-rays depends upon their 
wave-length, the shorter the wave | the greater 
bac the penetrating effects. Rays of shorter wave- 
length are termed “ hard,’’ to distinguish them from the 
less penetrating or “‘ soft” rays of greater wave-length. 
The velocity and energy im to the electrons of 
the cathode rays increase with the potential difference 
applied to the terminals of the X-ray tube, and the 
energy of the X-rays produced when they strike an 
obstacle increases with the increase in voltage. It has 
been determined that the energy of X-rays is propor- 
tional to the fourth power of the velocity of the parent 
cathode ray, so that it is desirable to employ as high 
a voltage as possible to the X-ray tube provided that 
the heat generated by the impact of the cathode rays can 
be dissipated. This is a matter of importance since over 
75 per cent. of the energy applied to the tube is converted 
into heat. Cathode rays are not all of the same velocity 
and X-rays may have different penetrating power even 
though the voltage used is constant. In the range of 
penetrating power there is usually one set of values that 
patearees which is characteristic of the metal used 

or the anti-cathode. This predominating set of values 
increases practically in proportion to the atomic weight 
of the metal. 

Secondary Rays.—When X-rays impinge on a sub- 
stance secondary rays are produced, the most important 
of which are :— 

Scattered rays. 
Characteristic X-rays. 
Beta-rays caused by the absorption of X-rays. 

Scattered rays are of the same penetrating power as 
the original X-rays, but are distributed in all directions, 
mainly, however, in the same direction as the incident ray. 

Characteristic X-rays are emitted when X-rays of 
sufficient penetrating power impinge on a metal surface. 
These rays are characteristic of the particular metal 
on which the ray falls. 

In penetrating a substance X-rays become to some 
extent absorbed, and when the material is of considerable 
density, as, for instance, a metal, beta-rays are produced, 
having a velocity and penetrating power t on the 
original X-ray. The following table shows the extent 
of the penetration of materials of different densities by 
X-rays :-— 


Tasie ll. Showing the Extent of Absorption of “Medium” 
? X-rays.* 


Intensity Reduced 
to One-half by a 
Thickness of 
Metal. Density. Aluminium of : 
em. 
Aluminium Pe 0-275 
Iron eee ove 7:7 0-012 
Copper ... oe. OD 0 -0096 
Zinc ioe tne 7-2 0-011 
Silver oe Back 0 -0037 
Tin onl 7:3 0 -0054 
Platinum 21°5 0-0015 
Gold aie 19-3 0-0014 
Mercury ... 14-4 0 -0022 
Lead . 11-35 0 -0028 


X-ray Examination of Materials.—In the photographic 
examination of substances by X-rays the photographic 
plate or film is placed ieenodiatsiy hind the object of 
examination through which the X-rays pass. There 
may be interposed between the photographic plate and 
the object under examination an intensifying screen 
prepared from calcium tungstate. This intensifying 
screen becomes luminous and adds to the results pro- 
duced by those rays acting directly on the silver bromide 
on the chategraghnle plate, and by this means the time 


*Janus and Reppchen, Trans, Faraday Society, 
1919, 15, 2. 
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of e re can be shortened. It must be remembered 
that the results obtained on the photographic plate or 
by a fluorescent screen represent merely a shadow picture 
of the object interposed in the direct line of the X-rays. 
The detail in the picture depends on the difference in the 
density of the parts traversed by the rays, and where 
the object varies in thickness or in density the corre- 
— differences will be noted on the plate. The 
8 a np of definition, however, depends very largely 
on the extent to which the plate can be protected from 
the effect of secondary rays. 

It will be appreciated that the shadow picture shown 
by X-rays wilt not necessarily indicate the counterpart 
of what would be visible if sections of the object could 
be viewed in different planes, and some experience is 
necessary before these shadow pictures can be fully 
interpreted. 

3. Production of X-rays.—The production of X-rays 
involves the following apparatus :— 

(a) Means for obtaining high voltage and rectification 
whereby the flow of current to the X-ray tube is uni- 
directional. 

(b) The X-ray tube. 

Production of High Voltages.—Three methods may be 
considered, viz. :— 


(a) Influence machines, 
(b) Induction coils. 
(c) Transformers. 


Influence Machines.—This apparatus is the only 
means at present practicable for supplying high voltage 
continuous current, although alternatively it might be 
possible to employ a very great number of accumulative 
cells connected in series. Influence machines are un- 
reliable, particularly in damp climates, and as at present 
constructed are hardly likely to be practicable for 
X-ray work. 

Induction Coils.—The induction coil consists of two 
concentric windings insulated from each other surround- 
ing a laminated iron core. One winding, calléd the 
primary, consists of comparatively few turns ; the other, 
commonly known as the secondary, of a large number of 
very much finer wire. Voltage is supplied to the primary 
winding from a direct current source through an inter- 
rupting device, which causes the primary circuit to be 
completed and broken very rapidly. As a result of the 
intermittent magnetic field thus set up a voltage is 
induced in a secondary winding of an amount determined 
by the number of secondary turns it contains. An 
interrupter connected with the secondary winding 
breaks that circuit each time the primary circuit is closed. 
The terminals of the secondary winding are connected 
to the X-ray tube, and by this arrangement unidirec- 
tional current is caused to flow through the tube. The 
current, however, is not uniform but fluctuates according 
to the graph shown in Fig. 3. 

It is important to note that some interrupting means is 
necessary in the secondary circuit, otherwise an inverse 
current may occur which will cause cathode rays to be 
sent from the anti-cathode, and increase the blurring 
of the shadow picture of the object examined and also 
risk spoiling the tube. Fig. 4 shows a diagram for con- 
nections of an induction coil arranged for X-ray work. 

Various methods of interrupting the primary circuit 
have been employed, but the most common is that of 
rotating contacts in a mercury bath, or a system of 
rotating mercury jets impinging on fixed metal plates. 
The device for ensuring a unidirectional current in the 
secondary circuit may be electrical or mechanical. 
simplest form consists of a point and plate spark gap, 
whose operation depends on the fact that a spark passes 
more readily when the point is positively charged than 
when it is negatively charged. This arrangement, 
however, is not suitable when large currents are employed, 
and it has been replaced by other types of valve. A more 
satisfactory device is the Lodge valve tube, which 
consists of a spiral of aluminium wire connected to the 
negative terminal and a itive terminal of iron wire. 
the whole being oleate in a highly-exhausted bulb, 
In the most modern forms of valves the underlying 
principle is the emission of ions, i.e., electrically charged 
particles, by incandescent solids. In a tube evacuated 
to such a degree that the applied electromotive force 
does not produce any discharge between the electrodes, 
the heating of one electrode to incandescence will enable 
the current to pass in the direction which causes the heated 
electrode to be the cathode. Up to the present such 
valves have not been made to take the high voltages 
used in industrial radiography, and mechanical methods 
are employed to prevent the inverse current from reaching 
the tube. An example of this method is the device 
already mentioned for breaking the secondary circuit 
of an induction coil. 

Transformers.—A transformer is similar to an induc- 
tion coil except that a closed magnetic circuit is used 
and the windings may be differently arranged and 
insulated. Alternating current is supplied to the 
primary winding, and the ratio between this and the 
voltage induced in the secondary is the same as between 
the primary and secondary turns. To obtain a uni- 
directional current in the secondary circuit means must 
be taken to prevent the ordinary reversal of current at 
the end of every half-wave. ‘This is done by a com- 
mutator device consisting of a circular insulating disc 
around which are equally spaced four contacts. The 
disc is rotated at a sp which synchronises with the 
alternations of current, and by means of contacts placed 
near the edge of the rotating disc the rotation of the 
flow of current is reversed at each half-period. The wave 
shape applied to the primary will be practically sinu- 
soidal, as shown in Fig. 5, and that supplied by the 
secondary circuit to the X-ray tube will be rectified as 
shown by the dotted portion. Sometines part of the wave 
is cut out, as shown in Fig. 5a. The portion eliminated 
does not contribute to the production of X-rays but only 
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heats the tube. 
shown in Fig. 6. 

Both induction coils and transformers are extensively 
used for X-ray work. Certain definite advantages are 
possessed by both types of apparatus. The induction 
coil is comparatively convenient to handle and set up, 
and it is claimed by many investigators that the peaked 
wave shape of the induction coil offers an advantage 
over the sinusoidal shaped wave obtained by the trans- 
former. ‘There is considerable divergence of opinion on 
this point. In other directions, however, there is some 
advantage in the use of a transformer in that it enables 
higher voltages to be obtained than with the induction 
coil, and can be readily adapted, due to the greater 
facility by which the windings can be insulated. Hence 
for the highest voltage work it is probable that trans- 
formers will be most generally used. At the present 


The arrangement of the transformer is 


Fig.5. PRIMARY VOLTAGE WAVE SHAPE. 














Fig.5a. RECTIFIED WAVE SHAPE. 
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time, however, the induction coil is suited to the highest 
voltages for which X-ray tubes are commercially made, 
although the limits of the latter have not yet been 
venshell 


X-ray Tubes.—The type of tube with which Réntgen 
discovered X-rays is shown in Fig. 7. The cathode was 
a flat disc, and the anode was mounted in a small side 
tube. The cathode rays, striking the large end of the 
tube, produced fluorescence and also gave rise to X-rays. 
As the area from which the X-rays were emitted was 
large, the shadowgraph which was produced by the 
interposition of a body between the disc and screen was 
blurred and indistinct. Campbell Swinton, in 1896, 
modified Réntgen’s tube by allowing the cathode rays 
to fall on a sheet of platinum, and in this way obtained 
considerable improvement in the definition of the 
shadowgraphs. The next development was by H. Jack- 
son, who used a concave cathode to focus the rays (an 





invention of Crookes in 1874) and mounted the platinum 
target at an angle of 45 deg. to the rays. Secutante 
tube is shown in Fig. 8, and the same principle is still} 
ee ge in nearly all X-ray tubes. The tube has been 
slightly modified, however, though not in the essential 
arrangement of the cathode and anode. In 1896, 
Gunderlach introduced an auxiliary anode, and this will 
be found in most modern tubes of this type. Its purpose 
is to steady the discharge, although its mode of action 
is not quite clear. The cathode is usually made of 
aluminium and is mounted just within the neck of a side 
tube. The anti-cathode, which is inclined at 45 deg. to 
the cathode rays, is and has been the subject of much 
investigation. 

It has already been noted that an enormous amount 
of heat is developed when the cathode rays impinge on the 
anti-cathode, and the rapid removal of this heat is 
essential. For this reason, the metal of which it is made 
must have a high thermal conductivity ; sometimes it 
is water-cooled. The production of heat, however, is 
so great that the temperature of the anti-cathode always 
rises considerably, and thus it must be made of a metal 
of high melting-point, such as platinum or tungsten. 
These metals also satisfy the first requirement, and in 
addition have a high atomic weight. Jackson’s tube 
has been modified in another manner by the addition 
of a device for “‘ softening” the tube, t,e., reducing the 
degree of vacuum. ‘This is necessary, because the 
pressure of the gas inside the tube decreases when worked 
for a long period. 

The Coolidge Tube.—Prior to 1913, X-ray tubes were 
constructed so that a small amount of residual gas was 
left in the tube. When an e.m.f. was applied to the tube, 
the few ions existing in this residual gas developed 
such a velocity that they were able to ionise the gas 
molecules and so render the tube conducting. In 1913 
Dr. Coolidge designed a tube which was fundamentally 
different from this. The pressure of the residual gas 
was reduced to such a low value that no current could 
be passed through it, however great the applied e.m.f. 
The electrons to carry the current and form the cathode 
rays were supplied by a spiral of tungsten wire which 
was heated by a subsidiary current. The advantages 
of such a tube are so great that it has almost completely 
displaced the ‘‘ gas-tube’”’ in X-ray practice. It should 
be mentioned that, almost simultaneously, Lilienfeld 
designed a tube in which the electrons were similarly 
supplied. It differed in other respects and was largely 
used in Germany during the war. At present, however, 
Coolidge tubes are being made in this country, and it 
would appear that ag hans supplanted those made to 
the design of Lilienfeld. 

In such tubes the vacuum is about 1,000 times that 
in an ordinary X-ray tube, and remains constant even 
when run for many hours. The intensity of the rays is 
easily controlled, independently of the penetrating 
power, by varying the temperature of the cathode. 
The penetrating power is changed as in an ordinary tube 
by regulating the applied e.m.f., but this does not involve 
a change in the intensity as was formerly the case. 
The origin of the cathode rays renders it easier to focus 
them on the anti-cathode, and the focal spot does not 
wander or broaden as with the gas-tube. Using o 
tube with a water-cooled anti-cathode, Coolidge was able 
to produce X-rays for 6% hours continuously at 100 
milliamps and 70 kilovolts. Other tubes have been 
run with an input of 14 kilovolts as compared with the 


‘5 kilovolts which could be intermittently put into a gas 


tube. 

It might be thought that the Coolidge tube would act 
as its own valve and be self-rectifying ; the temperature 
of the focal spot of the anti-cathode, however, causes 
it to emit electrons when an inverse e.m.f. is applied. 
Nevertheless, a self-rectifying tube to work with « 
pressure of 70 kilovolts has been designed, and it is 
hoped to improve on this with a self-rectifying tube, 
but only about 8 in. long, to work under oil. The 
development of the Coolidge tube was fully described 
by the inventor in a paper read before the Réntgen 
Society, in July, 1920. The standard Coolidge tube is 
shown in Fig. 9. 

* (To be continued.) 





HARDENING CoNCRETE.-—Experiments by the United 
States Bureau of Standards to develop a method of 
accelerating the hardening of concrete, especialiy when 
it is to be used in wet or damp situations, have shown 
says Power User, Toronto, that 4 per cent. of calcium 
chloride added to the mixing water increases the strength 
of concrete at the age of one day 100 per cent. or 
more. In some cases, in two days the strength 
equalled 75 per cent. or more of that normally attained 
in one month. 

Tue Institution oF Crvi, ENGINEERS—BIRMINGHAM 
AND District AssoctaTion.—The first local association 
of the Institution of Civil Engineers to be inaugurated 
is that of Birmingham and District, the first loca] presi- 
dent, being Mr. J. D. Watson, engineer to the Bir- 
mingham, Tame and Rea Drainage Board. The Associa- 
tion of Birmingham Students of the Institution was 
formed in 1884, and this body is now incorporated in 
the new local association. The new body, of which 
Mr. H. V. Overfield, B.Sc., and Mr. E. E. Jeavons are 
joint hon. secretaries, will, it is hoped, offer to the class 
of corporate members officially known as “‘ non-resident, ” 
many of the advantages hitherto enjoyed by “ residents 
only, The fact that the discussion of papers, and the 
other advantages centralised in the Institution in its 
Westminster home have been only available to com- 

atively few members, has been rather keenly felt 

y many unable to pay visits to London, and the change 
of policy will undoubtedly be welcome, and in time 
extended to other centres in the country. 





